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PRELIMINARY OBSERVATION ON THE OCCURRENCE OF A 
TYPICAL MITOTIC PROCESS IN MICROCOCCI' 


Epwarp D. DELAMATER 


Many investigators have undoubtedly demonstrated the presence of 
nuclei in various cocci. The methods employed, however, have been inade- 
quate for detailed study of the structures observed (Knaysi 1942, Hunter, 
Mudd and Woodburn 1950). 

Petter (1933), Milovidov (1935), Sassuchin (1935), and Stille (1937), 
applied the Feulgen technique to various Sarcinas and reported that the 
reaction was limited to discrete bodies of regular size and shape. Robinow 
(1941) noted that these so-called chromatinic bodies appeared to divide by 
longitudinal fission, while Knaysi (1942, 1944), on the basis of extensive 
studies, concluded that cocci contained nuclear material which, depending 
upon conditions as yet unknown, may be diffused in the protoplasm, or par- 
tially or wholly be differentiated into a nucleus. Knaysi and Mudd (1948) 
noted that coccal cells may contain one or several granules. These often 
appeared paired or constricted, suggesting divisional stages. Smith (1950) 
depicted chromatinic bodies which corresponded to those described by 
Knaysi (1942), while in the same year Hunter, Mudd and Woodburn (1950) 
reemphasized this same pattern. 

Johnson and Gray (1949) noted chromatinic configurations in coccoid 
cells of Protobacterium phosphorescens, which suggested a true mitotie 
process as seen in larger organisms. Lindegren and Mellon (1932) consid- 
ered that the coccal nucleus consisted of a single haploid chromosome which 
contained seven chromomeres. Lindegren (1942) deseribed what he con- 
sidered to be a sexual process with the formation of diploid cells. Applica- 
tion of the electron microscope by Piekarski (1938, 1939) was not able to 
resolve the Feulgen positive chromatinic bodies. Barnard (1930), utilizing 
ultraviolet microscopy at the 2750 range, showed similar central granules 
in cocci, but was not able to define them. 

It may be accepted on the basis of the studies cited that organized nuclear 
material occurs in various Micrococeci, but the details of intrinsic structure 
and the manner of division have not been defined. The purpose of this pre- 
liminary report is to present preliminary evidence for the occurrence of a 
typical mitotic nuclear process in this group of micro-organisms similar to 
that which occurs in the cells of larger plants and animals. 

Materials and methods. A Micrococcus chryophilus, isolated from 
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refrigerated pork, has been predominantly used in these studies. A second, 
Micrococcus albus, isolated as a contaminant in the Department of Micro- 
biology, has been used for additional confirmatory studies. 

The staining and freezing-dehydration procedures devised by DeLamater 
(1951) have been used with a single modification, which consisted of the 
exclusion of sulfurous acid from the thionine during the staining procedure. 
All other aspects of the method were as previously described. 

Results. As demonstrated in the accompanying plate, with a magnifi- 
cation of 4850 diameters the following details of structure and nuclear cycle 
can be defined. In figure 1 is seen a clump of chromosomes opposite which a 
single centriole is visible. This stage is considered to be a late prophase. 
Figure 2 demonstrates a typical metaphase spindle in which can be seen two 
chromosomes on the metaphase plate, lying between the two centrioles. Both 
in the original microscopic preparation and in the photographic negative 
the spindle fibers can be clearly defined. In figure 3, which is considered to 
be an anaphase stage, the chromosomes are seen to be separating and migrat- 
ing towards the centrioles which are still visible. It can also be seen that the 
cell has elongated in the axis of the nuclear division, whereas in figure 2 the 


long axis of the cell is perpendicular to the axis of the metaphase spindle. 


Figure 4 demonstrates a later stage in the division which is considered here 
to be an early telophase. In the right-hand cell the separated clumps of 
chromosomes can be visualized, and the centrioles are still apparent. In 
figure 5 separation of the daughter nuclei is complete and a transverse cell 
plate has formed between them. The presence of a cell plate appears to be 
unique for this group of organisms among the bacteria. The chromosomes 
are condensed into a single solid body. In figure 6 a slightly later stage than 
that shown in figure 5 is seen, and in addition an early interphase is present 
in which the chromosomes appear as elongating threads. Figure 7 demon- 
strates a slightly earlier stage than that just described in which the nuclear 
mass is still too condensed to make out detail. Figure 8 shows several clear 
examples of interphase nuclei in which the chromosomes consist of elon- 
gated tangled threads. In the upper right-hand corner of figure 8 a very 
clear metaphase spindle is present. In figure 10 a much later interphase 
nucleus is clearly demonstrated in which the chromosomes occur as elon- 
gated threads which seem to radiate from a central granule. This granule is 
here construed to be a nucleolus and is commonly to be observed in inter- 
phase nuclei. In figure 11 the chromosomes can be seen to be thickening and 
contracting, and are construed to represent early prophase chromosomes 
prior to the formation of the centriole. 

Similar stages have been visualized in the second Micrococcus, M. albus, 
and it appears likely from preliminary observations that other Micrococci 
will contain similar nuclear structures. 
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Comment. A brief series of figures demonstrating the typical mitotic 
process in a large Micrococcus have been demonstrated, and it is thought 
that this organism is representative of the cocci as a group. Confirmation of 
this idea has been obtained by preliminary studies on other Micrococci. 





Figs. 1-11. All figures x 4450. 
Fig. 1. Late prophase: Two compact chromosomes with single centriole. Fig. 2. Meta- 


phase spindle: Two compact chromosomes on metaphase plate between centrioles. Fie. 3. 
Anaphase: Early stage in separation of chromosomes, centrioles persist. Fie. 4. Telo- 
phase: Chromosomes migrating to poles. Fie. 5. Chromosomes in compact masses in two 
daughter nuclei. Centriole not visible. Cell plate has developed between sister nuclei. 
Fics. 6-7. Later stage in cell plate formation. Chromosomes still dense in early inter- 
phase. Other cells show later interphase stages with chromosomes elongating. Fies. 8-9. 
Later interphase nuclei. Chromosomes as tangled threads. Metaphase spindle in upper 
right hand corner. Fic. 10. Late interphase: Chromosomes as threads. Central nucleolus 
visible. Fic. 11. Early prophase: Chromosomes contracting. 


Demonstration of a true mitosis in which centrioles can be defined and 
in which cell plates are formed in the organization of the new transverse 
wall indicate that the cells in this group of organisms are highly complex 
and remarkably well organized. Such evidence tends to place the Miecrococei 
along with the other bacteria (DeLamater 1951, DeLamater and Hunter 
1951, DeLamater and Mudd 1951) into the general biological economy 
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where they belong. Micrococci can no longer be considered a separate and 


distinctive group of organisms on the basis of their nuclear structure. 


SUMMARY 

1. Utilizing the freezing-drying technique developed by DeLamater 
(1951), a typical mitotie process comparable to that which occurs in higher 
organisms has been defined. 

2. The mechanism includes morphologically distinct centrioles, what 
appear to be two chromosomes, and the formation of a cell plate when the 
cross wall is developed. 

3. The chromosomes have been shown to elongate into threads and con- 
tract during the course of the cycle. It is thought that a nucleolus also oceurs. 
DEPARTMENT OF DERMATOLOGY & SYPHILOLOGY, AND DEPARTMENT OF 

MICROBIOLOGY 
SCHOOL OF MEDICINE, UNIVERSITY OF PENNSYLVANIA 
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MEGASPOROGENESIS AND SEED DEVELOPMENT IN 
MIMULUS TIGRINUS AND TORENIA FOURNIERI 


VIVIAN B. GutmFORD AND EmMa L. FIskK 


Morphological investigations of gametophyte and seed development have 
been reported on about thirty-three genera of the family Scrophulariaceae. 
Two of these genera, Pedicularis and Lathraea, were involved in the early 
controversy regarding the origin of the embryo in angiosperms (Hofmeister, 
1855; Tulasne, 1855; Schacht, 1855; Deecke, 1855). 

Embryological studies in the family prior to 1919 have been summarized 
by Michell (1915), Evans (1919), and Srinivasan (1940). These studies 
included observations by Balicka-[wanowska (1899) on Torenia fourniert 
in which she noted the extra-micropylar embryo sac extending through the 
micropyle and along the funiculus to the placenta, the loss of contents from 
funicular cells, the presence of starch in the megagametophyte, and a cha- 
lazal nutritive tissue. 

In 1919 Schertz investigated the embryo sae of Scrophularia marylan- 
dica and Evans studied megagametophyte, endosperm and embryo develop- 
ment in Penstemon secundiflorus. Cook (1924) traced embryo sac and seed 
formation in Linaria vulgaris, and in 1928 Svensson observed megagameto- 
phyte and seed development in Limosella aquatica. In 1929 Sampathkuma- 
ran and Krishna Iyengar observed the haustoria of Ilysanthes parviflora. 

From 1929 to 1947 papers on a number of genera of the family were 
published by Krishna Lyengar. He stressed the sequence of cell divisions in 
the formation of the endosperm, the development of endosperm haustoria, 
variations in structure and function of a tapetal layer, and the various 
modes of nutrition of the developing embryo and endosperm. His papers 
include a study of Torenia cordifolia and T. hirsuta in which he described 
the development of the extra-micropylar embryo sac, and the organization 
of one chalazal and four micropylar haustoria, the latter of which merge 
to form one tetranucleate body. He also discussed the enlargement of five to 
six rows of tapetal cells that persist in the mature seed. 

Haustoria and the nutrition of the developing seed have also been 
studied in several genera of the family by V. K. Srinivasan (1940), Ragha- 
van and Srinivasan (1941a, 1941b) and A. R. Srinivasan (1946). In 1934 
Srinath traced the megagametophyte and embryo development of Herpestis 
monniera. In 1936 Millsaps published on the embryo sac and seed develop- 
ment in Paulownia tomentosa. In this same year Paveek, in an unpublished 
thesis, discussed the early floral development of JT. fournieri. Johansen 
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(1950) deseribes the method of early embryo development in a number of 
genera of the Scrophulariaceae as a modified Onagrad type. 

The present morphological investigation deals with two members of the 
family Scrophulariaceae, Mimulus tigrinus and Torenia fournieri. The ob- 
servations on these genera include a study of the origin and development of 
the ovule, megagametophyte formation, and the development of embryo 
and endosperm. Special emphasis is placed upon the formation of endo- 
sperm haustoria and their nutritional relationship to the maturing seed. 

Materials and methods. Young floral buds, older pistils and seeds were 
collected from plants of M. tigrinus and T. fournieri that were grown in 
the Botany Department greenhouses at the University of Wisconsin. Flowers 
were both cross and self-pollinated by hand, and the pistils were collected 
at intervals of nine hours to four weeks after pollination. The material was 
fixed in formal-acetic-aleohol or in Karpechenko’s modification of Nawa- 


schin’s solution, cleared in cedar oil, and embedded in parawax. Young 
stages were sectioned at 8 to 12,; older pistils with embryos were sec- 
tioned at 12 » and 15 » to show haustoria. The material was stained in Dela- 
field’s haematoxylin and safranin and, in some instances, fast green was 
used as a counterstain. 

Observations on Mimulus tigrinus. Megagametophyte development. 


Numerous anatropous ovules arise from the placenta of a compound ovary. 
Before the integument forms, the hypodermal archesporial cell ean be dis- 
tinguished by its slightly deeper staining cell contents and larger size. The 
archesporial cell, which functions directly as the megaspore mother cell, 
enlarges to several times its original size before dividing. By the time that 
the megaspore mother cell nucleus has reached late prophase, the single in- 
tegument partially surrounds the nucellus, which is one cell in thickness 
except at the chalazal end of the ovule, and the ovule has begun to curve 
back toward the placenta (fig. 1). Early in floral bud development, as 
shown in figure 2, the megaspore mother cell by meiotic divisions gives rise 
to a linear row of four megaspores, the chalazal one of which is functional ; 
the other three spores disintegrate (fig. 3). By this time the ovule has as- 
sumed its anatropous form, and the thick integument now contains some 
starch grains in the micropylar region. At this stage no provascular tissue 
can be observed in the ovule, but an hypostase, consisting of a few thick, 
refractive-walled cells in the chalazal region of the integument, surrounded 
by other regularly arranged cells, is already apparent. Maheshwari (1950) 
has recently described an hypostase as a group of nucellar cells, usually 
poor in cytoplasmic contents, with highly refractive, partially lignified or 
suberized walls, and located just below the embryo sae at the level of origin 
of the integuments. 

The nucleus of the functional megaspore divides, and the two nuclei thus 
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formed (fig. 4) move one to each end of the sac and divide ; the four-nucleate 
megagametophyte contains many small vacuoles (fig. 5). Each of the four 
nuclei then divides resulting in the formation of an eight-nucleate embryo 
sac. Cell walls are formed and a normal seven-celled, eight-nucleate mega- 
gametophyte results (fig. 6). Mature megagametophytes were found to be 
present in floral buds from the time the corolla was beginning to protrude 
beyond the calyx through the open flower stage. Within the mature mega- 
magetophyte two large polar nuclei are located in about the center of the 
endosperm mother cell. The egg apparatus occupies the micropylar end of 
the embryo sae (fig. 6). The nucleus of the large egg cell is located at the 
apex of the cell, while the synergid nuclei are located characteristically at 
the micropylar end of these cells. The three small antipodals in the narrow, 
chalazal end of the sac, sometimes were found to be in a linear row; at other 
times they were arranged in two tiers (figs. 6, 7). This seven-celled embryo 
sae can be seen to have widened out at the micropylar end and the nucellar 
cells surrounding it have disintegrated except near the chalazal end of the 
ovule (fig. 6). Food reserves in the form of starch grains are still con- 
spicuous in the micropylar integumentary cells. Starch was not observed 
to be present in the megagametophyte at any stage in its development. 

The cells of the inner epidermis of the integument become elongated 
perpendicularly to the megagametophyte, from the chalazal end to the point 
where the sae widens, to form an endothelial layer, conspicuous at the time 
the embryo sae is mature (fig. 6). The contents of these cells stain slightly 
deeper than those of the surrounding integumentary cells. After fertiliza- 
tion, the nuclei of these endothelial cells frequently are located along the 
cell walls nearest to the developing endosperm. Similar nuclear positions 
are reported for the endothelial cells in Vandellia crustacea (Srinivasan, 
1940). 


Figs. 1-15. Camera lucida drawings of Mimulus. Fie. 1. Young ovule with mega- 
spore mother cell in early prophase of meiosis. x 500. Fia. 2. Metaphase of first meiotic 
division of megaspore mother cell. x 500, Fig. 3. Chalazal spore is functional; the other 
three are disintegrating. x 500. Fie. 4. Two-nucleate megagametophyte. Nucellus is dis- 
integrating. x 1150. Fic. 5. Anatropous ovule with four-nucleate megagametophyte. 
«250. Fie. 6. Mature megagametophyte. Crushed remains of nucellus and distinct cells 
of endothelial layer evident. Starch in micropylar region of integument. x 500. Fie. 7. 
Double fertilization; male gamete nucleus above fusion nucleus. Antipodals are disinte- 
grating. x 500. Fic. 8. Two-celled endosperm with zygote and one synergid; nucleus of 
micropylar endosperm cell undergoing mitosis. x 500. Fie. 9. Six-celled endosperm, with 
unelongated zygote visible around 24 hours after pollination. x 500. Fie. 10. Two 
chalazal endosperm haustoria showing penetration into endosperm proper. x 500. Fie. 11. 
First transverse division of the zygote observed three days after pollination. x 500. Fie. 
12. Quadrant stage of embryo proper, five days after pollination. x 500. Fig. 13. Divi- 
sions following eight-celled embryo. x 500. Fic. 14. Young embryo with dermatogen, 
hypophysis and long suspensor visible seven days after pollination. x 500, Fie. 15. Two 
of four micropylar haustoria penetrating integument, and persisting pollen tube visible 
three days after pollination. x 250. 
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Fertilization. Just prior to fertilization the two polar nuclei fuse near 
the center of the sac, and the fusion nucleus may migrate to a point close 
to the egg. Many pollen tubes were observed in the cavity of the ovary 
twenty-four hours after pollination. A pollen tube appears to enter the 
megagametophyte slightly to one side of one synergid (fig. 7). One male 
gamete unites with the egg and the other with the fusion nucleus. The latter 
was observed with a male gamete nucleus lying above and adjacent to it at 
about mid-point in the embryo sae (fig. 7). The antipodals can be seen to be 
disintegrating at the time of fertilization, and by the time the endosperm 
is eight- to ten-celled, about forty-eight hours after pollination, they have 
disappeared completely. The synergids likewise disintegrate soon after fer- 
tilization ; the pollen tube can be seen persisting at the time the two-celled 
embryo is formed, about four days after pollination. 

Endosperm and embryo development. The primary endosperm cell in 
Mimulus divides soon after fertilization by a transverse wall to form a two- 
celled endosperm, visible twenty-four hours after pollination (fig. 8). One 
subsequent transverse division, observed to occur in the micropylar cell 
(fig. 8), results in a row of three cells. Thus, the endosperm is cellular from 
its initiation. Longitudinal divisions in all cells next result in a six-celled 
endosperm, also found in ovules collected twenty-four hours after pollina- 
tion (fig. 9). Occasionally it appears that the first transverse division is 
followed by longitudinal divisions in both cells; then a transverse division 
occurs in the micropylar cells. Starch is now abundant in the micropylar 
integumentary cells and in the placenta. 

The two chalazal endosperm cells do not divide further, but function as 
two uninucleate chalazal haustoria that remain simple and unbranched 
(figs. 9, 10). The basal portions of these cells elongate (fig. 27) and digest 
their way between the cells of the hypostase, almost to the epidermis of the 
ovule. Although cells of the hypostase appear to be almost empty of con- 
tents, the smaller, neighboring cells of the integument have a rich proto- 
plasmic content. The chalazal haustoria also penetrate a short distance in a 
micropylar direction between adjacent cells of the endosperm (fig. 10). 
The nuclei of the chalazal haustoria are located more frequently in the 
wider portions of the haustoria than toward their tapering, chalazal ends 
(figs. 10, 27). 

By further divisions, the two middle cells of the six-celled endosperm 
form the many-celled endosperm proper. An additional longitudinal di- 
vision in each of the two micropylar cells results in four uninucleate micro- 
pylar haustoria (fig. 15). At times it appears that cell division does not 
follow nuclear division in the two micropylar cells; thus two binucleate 
haustoria may result. The micropylar haustoria become branched at their 
tips to form numerous sharp-pointed prongs, which penetrate between the 
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cells of the integument and appear first to break down the intercellular 
substance between the cells, and then to dissolve the cell contents (figs. 15, 
26, 27, 28). The starch stored in these integumentary cells is used up during 
the development of these haustoria. Early in endosperm formation the 
micropylar haustorial cells may have several large vacuoles but they stain 
deeply adjacent to the other endosperm cells and in the tips of the prongs 
(figs. 15, 26, 27). The large haustorial nuclei have conspicuous chromatic 
material and frequently become amoeboid in appearance (figs. 15, 28). 
Similar nuclear conditions have been reported in other members of the 
family (Krishna Lyengar, 1937, 1940c, 1941, 1942b). 

The zygote elongates only after the endosperm has passed the six-celled 
stage, around three days after pollination; it extends between and slightly 
beyond the first tier of endosperm cells located adjacent to the micropylar 
haustoria (fig. 26). The first division of the zygote (fig. 11), visible about 
three to four days after pollination, is in a transverse plane resulting in 
two cells (fig. 27), the basal one of which ultimately gives rise to a suspensor 
of a single row of cells and to the hypophysis (fig. 12). The apical cell of 
the two-celled proembryo by successive divisions forms a quadrant (fig. 12), 
beginning the development of the embryo proper. A transverse division 
in each of these four cells follows. Further divisions, both anticlinal and 
periclinal, occur (fig. 13), and by seven days after pollination the dermatogen 
is visible in the embryo (fig. 14). Figure 28 shows the plerome, periblem, and 
dermatogen of the hypocotyledonary region differentiating and the cotyle- 
dons beginning to form, ten days after pollination. 

As the embryo of Mimulus develops, various changes occur in the endo- 
sperm haustoria. Five days after pollination, at the time the embryo is 
about eight-celled, the chalazal haustoria appear to have diminished in 
activity and take a deep stain indicating disintegration. Just prior to 
cotyledon formation in the embryo, the chalazal endosperm haustoria 
appear small and indistinct. The prongs on the micropylar haustoria are 
less conspicuous (fig. 29), but the nuclei of these cells still are prominent; 


in several cases these haustoria were found to have penetrated to the epider- 
mis of the integument (fig. 28). 


A few cells at the chalazal and micropylar ends of the endosperm adja- 
cent to the haustoria are smaller and deeper staining than the others, which 
probably indicates that they function in the transfer of food materials from 
the haustoria to the other endosperm cells and to the embryo (fig. 29). 
Such a function has been suggested for similar cells which are found in other 
members of the family (Krishna Iyengar, 1937 ; Srinivasan, 1940; Mitchell, 
1915). For the first time, just prior to cotyledon formation in the embryo, 
starch is stored in some abundance in the endosperm cells, especially in the 
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outer ones of the central region of the endosperm. Likewise at this time, 
endosperm cells can be seen to be breaking down around the embryo (fig. 28). 

As the seed approaches maturity, the chalazal haustoria disintegrate 
completely. The micropylar haustoria appear spongier in texture, but por- 
tions in contact with the cellular endosperm still stain darkly (fig. 28). 
Although their nuclei begin to disintegrate, as indicated by dark-staining 
areas in the haustoria, these micropylar haustoria persist in the mature seed 
as small and deep-staining structures. In the development of the seed coat 
from the single massive integument, thickenings appear on the radial and 
inner tangential walls of the epidermal cells by the time the cotyledons are 
initiated in the embryo (fig. 28). At this time two layers of cells are still 
evident between the outer epidermis and the endothelial layer. The inner 
walls of the endothelial cells become slightly thickened, although the cells 
later collapse. 

The mature seed of Mimulus possesses a straight embryo with two equal 
cotyledons, the cells of which are filled with starch. Two layers of starch- 
filled endosperm cells persist; the seed coat consists only of a single layer 
of cells developed from the epidermis of the ovule and of crushed remains 
of other integumentary cells. The thickenings on the inner tangential walls 
of this epidermal layer are reticulate and the outer walls which remained 
thin, have now broken down, thus leaving the radial walls extending out 
from the seed as small projections. 

Observations on Torenia fournieri. Megagametophyte development. 


Torenia has in common with Mimulus the possession of a compound pistil 


with numerous small ovules, each with a single integument, a reduced 
nucellus which disintegrates early, a normal type of megagametophyte 
development, and an endosperm which is cellular from its initiation. 

Ovules of Torenia vary from an anatropous to a campylotropous type. 
The hypodermal archesporial cell, which functions directly as the megaspore 
mother cell (fig. 16), undergoes meiosis; of the four resulting spores (fig. 
17), the chalazal one functions in forming the megagametophyte (fig. 18). 
The megagametophyte grows considerably in length at the two-nucleate 
stage (fig. 19), and continues nuclear divisions to form the eight-nucleate 
embryo sac. 

By this stage, a most significant feature of the genus Torenia, not found 
commonly in the megagametophyte development of other genera, is apparent. 
This is the growth of the apical portion of the embryo sac out through the 
micropyle, along the funiculus and in some eases to the placenta (fig. 20). 
A long narrow mature megagametophyte with a bend in the region of the 
polar nuclei is formed in Torenia (fig. 20). The egg apparatus is located 
in the extra-micropylar portion of the embryo sac. The three antipodals, 
like those of Mimulus, are small and their arrangement varies. 
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As early as the megaspore stage, the nucellar cells surrounding the sac 
become flattened (figs. 17, 18), and an endothelial layer of regularly 
arranged cells is differentiated from the inner epidermis of the integument 
(fig. 17). A few cells in the chalazal region of the ovule are more prominent 
because of their thick, refractive walls (fig. 18). At the time the megagame- 
tophyte reaches maturity, the contents of these cells appear much less dense, 
and the nucellar cells surrounding the sac have disintegrated completely. 
Within the ovary cavity, around the ovules, and especially along the placenta 
and surrounding the extra-micropylar portions of the embryo sacs, is a 
mucilaginous-appearing substance (fig. 37). Such a material was described 
for T. fournieri, T. deli, and T. sp. by Balicka Iwanowska in 1899, who 
suggested that this substance serves as protection against desiccation of 
the embryo sac. 

Reserve carbohydrates in the form of starch can be noted in the cyto- 
plasm of the developing embryo sac of Torenia from the megaspore to 
maturity. In the mature megagametophyte, it is especially abundant around 
the polar nuclei and the egg, and in the synergids. In the integument starch 


can be observed around the two-nucleate embryo sac and it persists there 


as the gametophyte matures. Starch in the placental cells, present as early 
as the megaspore stage, increases in amount and becomes distributed in 
greater abundance near the provascular strands which supply the ovules 
(figs. 37, 39). In the development of an ovule the provascular strand, several 
cells in width, which connects with the vascular tissue of the placenta, is 
visible at the time the functional megaspore enlarges. 

Fertilization. Prior to fertilization the polar nuclei unite at about the 
middle of the sae (fig. 20), and the resulting fusion nucleus may move to a 
point near the egg cell. No actual fertilization stages were seen in Torenia, 
but, as in Mimulus, pollen tubes were observed within the sac in association 
with one synergid. The antipodals disintegrate around the time of the first 
division of the primary endosperm nucleus (fig. 37). Disintegrating syner- 
gids persist through early endosperm divisions (fig. 33), and numerous 
pollen tube remains are still evident six days after pollination. As the endo- 
sperm is initiated, four or five rows of cells, about midway in the endothelial 
layer, begin to enlarge more than the other endothelial cells (figs. 21, 37) ; 
this seems to indicate the beginning of an active nutritive role for this layer. 

Endosperm and embryo development. The first division of the primary 
endosperm cell is in a transverse plane forming a two-celled endosperm. 
The chalazal cell, which remains undivided, functions as a chalazal haus- 
torium (figs. 21, 37). The micropylar cell divides in a longitudinal plane 
resulting with the chalazal cell in a three-celled endosperm, visible as early 
as forty-eight hours after pollination. Each of the two micropylar cells 
undergoes a further longitudinal division which results in four micropylar 
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cells. These in turn, by transverse divisions, form eight cells (fig. 21). The 
four middle cells thus formed, multiply to produce the endosperm proper 
(fig. 23). The four micropylar cells function as haustoria without further 
divisions. 

The endosperm proper develops rapidiy in Torenia into a many-celled 
tissue, the cells being of about uniform size with the exception, as in 
Mimulus, of a few smaller, deep-staining ones near the chalazal and micro- 
pylar haustoria (fig. 31). As the embryo matures, the endosperm cells 
gradually are broken down, except for several layers of thick-walled cells 
that persist in the mature seed (fig. 38). 

Starch, which was present in the developing megagametophyte to a con- 
siderable extent and to a lesser degree in the mature sac, continues to be 
present in small amounts in the first-formed endosperm cells and in a nine- 
celled endosperm, starch grains are still found (fig. 21). They are especially 
abundant in the chalazal endosperm haustorium and near the nuclei of the 
other endosperm cells. However, as the endosperm increases in number of 
cells, starch grains are not observed again in its cells until the endosperm 
consists of about sixty cells, around seven days after pollination. From then 
on starch accumulates in the cells of the endosperm proper. 

The single, non-aggressive, chalazal haustorium of Torenia is a large cell 
with prominent vacuoles and a conspicuous nucleus (figs. 23, 33). In two 
instances remains of a second, disintegrating nucleus were observed. As 
early as seven days after pollination, the cytoplasm in the elongated portion 
of the haustorium appears darker staining, and the nucleus may appear 
slightly amoeboid in shape. This haustorium penetrates the hypostase region, 
extending in some cases almost to the epidermis. Degeneration of the chalazal 
haustorium occurs earlier than that of the micropylar one. As the seed 
approaches maturity the chalazal haustorium becomes a dark, shriveled 
structure in the chalazal knob of the ovule, and it is not seen in the mature 


seed. 


The four uninucleate micropylar haustoria are characterized by large 





Figs. 16-25. Camera lucida drawings of Torenia, Fig. 16. Young ovule with arche- 
sporial cell functioning as megaspore mother cell. x 500. Fic. 17. Four megaspores. Nu- 
cellar cells becoming flattened. x 500. Fie. 18. Functional chalazal spore with starch in 
cytoplasm. Single integument and thick-walled hypostase cells shown in ovule, x 500. 
Fig. 19. Two-nucleate megagametophyte. x 500. Fie. 20. Mature megagametophyte with 
apical region grown out through the micropyle. The two polar nuclei have fused. x 250. 
Fig. 21. Five cells of nine-celled endosperm shown, including micropylar and chalazal 
haustoria. Enlarging endothelial cells. x 250. Fie. 22. Elongating zygote, persistent 
pollen tube and disintegrating synergids. x500. Fie. 23. Elongated zygote three days 
after pollination; endosperm with single chalazal haustorium and four micropylar haus- 
toria. Note remains of pollen tube and enlarged endothelial cells. x 250. Fie. 24. Non 
median section of embryo about seventeen days after pollination. x500. Fig. 25. Older 
embryo with dermatogen differentiated. x 500. 
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Figs. 26-29. Camera lucida drawings of Mimulus. 
ings of Torenia. 


Fies. 30-32. Camera lucida draw- 
Fig. 26. Elongated zygote, endosperm with active micropylar haustoria, 
and remains of pollen tube in Mimulus. x 333. Fic. 27. Endosperm, around three days 


after pollination, with chalazal and micropylar haustoria penetrating integument. Note 
two-celled proembryo, endothelial layer and regular arrangement of cells of chalaza. 
x 333. Fie. 28. Endosperm breaking down around embryo, cotyledons of which are be- 
ginning to differentiate around ten days after pollination. Three of four nuclei visible in 
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vacuoles near their tips and denser, stringy cytoplasm near the adjacent 
endosperm cells (figs. 23, 35). However, seventeen days after pollination 
and prior to cotyledon formation of the embryo, the micropylar haustoria 
definitely have merged into one four-nucleate body with a vacuolate cyto- 
plasm (fig. 30). This haustorium, which up to this time extended through the 
micropyle and along the funiculus, shrinks somewhat as it becomes older, 
and its cytoplasm becomes granular in appearance with many, minute 
vacuoles (fig. 34). The nuclei appear irregular in shape and ultimately are 
disorganized. The haustorium persists in the mature seed, protruding 
slightly beyond the seed coat (figs. 32, 36). 

As early as two days after pollination there is an enlargement of the 
epidermal and sub-epidermal cells of the funiculus, both adjacent to the 
micropylar haustorium and on the opposite side (figs. 30, 35, 37). Three to 
five days after pollination, scalariform and reticulate thickenings character- 
istic of tracheids have appeared in the enlarged funicular cells adjacent 
to the haustorium and the cells lose their protoplasm. About seventeen days 
after pollination numerous tracheids also are present on the opposite side 
of the funiculus. The walls of a few adjacent placental cells likewise become 
thickened (fig. 30), and abundant starch is present in the placental cells 
surrounding the tracheids (fig. 39). 

As in Mimulus, the zygote of Torenia remains unelongated and undivided 
until about three days after pollination, when the endosperm already consists 
of twelve to sixteen cells. At this time the zygote can be seen to have elon- 
gated to the second tier of endosperm cells (fig. 23). Elongated, undivided 
zygotes were observed in ovules as late as five days after pollination. An 
occasional two-celled proembryo, formed by a transverse division of the 
zygote, also was observed about three days after pollination surrounded by 
about a twenty-four celled endosperm. Details in embroyo development were 
not studied, but those stages observed were similar to those of the Mimulus 
embryo (figs. 24, 25, 36). 


As the endosperm and embryo mature, the endothelial layer, especially 


those greatly enlarged cells of this layer, appears to play an important part 
in seed coat formation. Very early in embryo development fewer integu- 
mentary cells are visible between the endothelial layer and the epidermis; 





the micropylar endosperm haustorium. Note thickening of radial and inner tangential 
walls of the epidermis of the integument of Mimulus. x 333. Fie. 29. Mieropylar haus- 
torial cells with fewer prongs; note beginning of fusion of cells. x 333. Fie. 30. Four- 
nucleate haustorium of Torenia seventeen days after pollination, adjacent to transfusion 
tracheids of funiculus and placenta. x 333. Fie. 31. Nearly mature seed of Torenia 
with four-nucleate endosperm haustorial body. Note cutinized, enlarged endothelial cells 
forming pockets in the endosperm. The epidermis is still present, and a few remains of 
crushed cells between the epidermis and endothelial layer can be seen. x 167. Fig. 32. 
Micropylar end of mature seed of Torenia showing persistent micropylar haustorium. 
Nuclei have become disorganized. x 167. 
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this breakdown of integumentary cells is noticed first adjacent to the en- 
larged endothelial cells, and continues until only crushed remains of cells 
persist between the enlarged cells of the endothelial layer and the epidermis 
of the integument (fig. 31). These enlarged endothelial cells develop a heavy 
cuticle on their inner tangential walls adjacent to the endosperm and on 
their radial walls except near the outer tangential walls. At the time the 
seed is nearly mature their cell contents appear to have broken down (figs. 
36, 38). 

In the late development of the seed coat, the cells of the epidermis of 
the integument, whose radial walls showed thickenings as early as seven days 
after pollination, appear to lose their cellular structure. Much of the epider- 
mal layer and the thin outer walls of the endothelial cells break down 
leaving the inner and radial, cutinized walls of the endothelial cells as the 
outer layer of the seed coat over most of the surface. Thus, the enlarged 
endothelial cells which project into the endosperm tissue form pockets on 
the surface of the mature seed (fig. 38). 

The mature seed of T. fournieri consists of a straight embryo with two 
equal cotyledons surrounded by several layers of thick-walled endosperm 
cells packed with starch (fig. 38), and the seed coat. The latter is made up 
of the endothelial layer, a few crushed remains of other integumentary cells, 
and the partially broken down epidermis of the integument. The spongy 
micropylar haustorium remains at the micropylar end of the seed (figs. 
32, 36). 

Discussion. One of the features common to the members of the family 
Serophulariaceae is the presence of chalazal and micropylar endosperm 
haustoria, which vary in aggressiveness, shape, and number. 

In T. fourniert a single chalazal haustorium is formed prior to the 
formation of micropylar haustoria. Balicka-[wanowska, in her study on 
Torenia (1899), also pictured a single uninucleate haustorium. 7. cordifolia 
and 7’. hirsuta were likewise found to have one chalazal haustorium with 
one or two nuclei (Krishna Lyengar, 1941); a single chalazal haustorium 
is also reported for Pedicularis, Tetranema, Rehmannia, Limnophila and 
other genera (Krishna Iyengar, 1947). Two uninucleate haustoria, steh-@s 
are found in Mimulus, are reported as being present, among other genera, 
in Sopubia trifida (Krishna Iyengar, 1940c) and Dopatrium lobelioides 
(Srinivasan, 1940). However, those of Sopubia were reported to fuse, 
whereas in Mimulus there is no apparent fusion. 


In both Mimulus and Torenia fournieri four uninucleate micropylar 
haustoria are developed that remain active after the chalazal haustoria 
begin to degenerate. In Mimulus it occasionally appears that two binu- 
cleate micropylar haustoria are formed when a cell division fails to occur in 
the two first-formed micropylar cells. Krishna Iyengar (1939) reported 
that Glisié sometimes found only one longitudinal division occurring in the 
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micropylar chamber of the developing endosperm of Gratiola. The fusion of 
the four micropylar haustoria is common also in the family (Krishna Lyen- 
gar, 1947). The four haustorial cells of T. fournieri definitely unite to form 
a tetranucleate body; similar fusion is reported for T. cordifolia and T. 
hirsuta (Krishna Lyengar, 1941). In some cases the micropylar haustoria of 
Mimulus appear to have fused or partly so. Cellulose rods, such as are 
present in the haustoria of some members of the family (Krishna lyengar, 
1940b), were not apparent in this investigation. Likewise, cellulose bodies 
are not reported for Torenia (Krishna Iyengar, 1941; Balicka-[wanowska, 
1899). Perhaps there is significance in the delay in embryo development 
until the haustoria have been formed and are active. This appears to insure 
a more adequate supply of nutrients to the developing embryo. Perhaps too, 
the formation of haustoria may be correlated with inadequate conduction 
through the provascular strand. Even though this strand extends nearly to 
the chalaza, no mature vascular tissue was observed in the developing 
seeds of Mimulus or Torenia. 

Of the members of the Scrophulariaceae that have been investigated, only 
two genera, Torenia and Vandellia (Krishna Lyengar, 1940a), are charac- 
terized by the extra-micropylar development of the embryo sac. Because of 
the growth of the sae through the micropyle prior to fertilization, it is pos- 
sible that this micropylar end of the sac may absorb food from the cells of 
the funiculus even before the formation of haustoria. Following the forma- 
tion of placental and funicular transfusion tracheids, it seems probable that 
food materials move from the starch-filled placental cells into the provas- 
cular tissue of the funiculus and in turn through the funicular tracheids 
to the haustoria; in instances where the haustorium is in contact with the 
placenta, the pathway of the food may be directly from the placental cells 
to the endosperm haustorium. In her investigation of Torenia Balicka- 
Iwanowska (1899) mentioned the loss of.contents from the funicular cells 
and considered the free portion of the sac to be an haustorium; she also 
pictured thickenings of the funicular cells and of a few placental cells, but 
did not refer to them. Krishna Iyengar (1941) described the formation 
of a broad extra-micropylar portion of the embryo sac in Torenia, that 
presses against the funiculus but that recedes after fertilization into the 
dilated micropylar part of the ovule. He stated that this contact indicates 
a nutritional relationship between the funiculus and embryo sac. The em- 
bryo sacs of Vandellia hirsuta (Krishna Iyengar, 1940a) and V. crustacea 
(Srinivasan, 1940) were reported to be pressed closely to the funiculus and 
placenta. Krishna Iyengar stated that the absorption of nutrients from the 
placenta and funiculus may be inferred from this. Here too, the extra- 
micropylar portion later shrinks back into the micropyle. 

In a number of genera within the family the distribution of starch has 
been observed, especially in the integument and embryo sac. Often starch 
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is reported to be found in the micropylar region of the integument as in 
Mimulus and as reported in Digitalis purpurea in pre-fertilization stages, 
in Secrophularia vernalis and in Linaria cymbalaria (Balicka-lwanowska, 
1899). Starch has been found in the embryo saes of Torenia (Balicka-[wan- 
nowska, 1899 ; Krishna Iyengar, 1941), Linaria (Balicka-Iwanowska, 1899), 
Penstemon (Evans, 1919), and in both the embryo sac and integument of 
Rehmannia (Krishna Iyengar, 1942b), Verbascum (Krishna lyengar, 
1942a), and Vandellia (Krishna lyengar, 1940a). In the present study of 


Torenia food reserves, indicated by the presence of starch which continues 


to be present from early megagametophyte development into early endo- 
sperm stages, may serve as a source of nutrition until haustoria are formed 
and active. Krishna Lyengar (1940b) correlated the presence of starch in 
the embryo sae with a delay in organization and functioning of the haus- 
toria. 

In Mimulus, grown under greenhouse conditions, there is no apparent 
starch in the megagametophyte at any time. However, there is abundant 
starch present in the micropylar cells of the integument throughout mega- 
gametophyte development, and following fertilization the micropylar haus- 
toria rapidly become active in the digestion and absorption of the contents 
from these cells. 

The innermost layer of the integument, which becomes differentiated as 
an endothelial layer, has been dealt with extensively in this family by 
Krishna Lyengar (1940b). He mentioned two main functions that have 
been attributed to this layer: (1) a digestive, absorptive and storage func- 
tion, and (2) a protective role in the seed coat. As in Mimulus and Torenia, 
the endothelium referred to in literature as the tapetal layer commonly is 
found extending from the chalazal region to about the center of the sae 
and not covering the micropylar end of the megagametophyte (Krishna 
[yengar, 1940e, 1941, 1942b; Millsaps, 1936). 


Figs. 33-39. Photomicrographs of Torenia. Fie. 33. Ovule with extra-micropylar 
portion of embryo sac adjacent to funiculus and placenta, visible five days after pollina- 
tion. Note chalazal haustorium penetrating hypostase, cellular endosperm, enlarging en- 
dothelial cells, and provascular strand. Fie. 34. Large fused micropylar haustorium 
extending beyond micropyle, with three of four disintegrating nuclei visible around 
fourteen days after pollination. Fic. 35. Enlarging endothelial cells with nuclei located 
along walls adjacent to endosperm cells. Fic. 36. Nearly mature seed, around fourteen 
days after pollination, showing embryo with provascular tissue and suspensor, thick- 
walled endosperm cells packed with starch, micropylar haustorium beyond seed coat, 
enlarged cutinized endothelial cells, and disorganized epidermis. Fic. 37. Young develop- 
ing seed with five-celled endosperm stage, and with unelongated zygote two days after 
pollination. Note the disintegrating antipodals, and the mucilaginous-appearing substance 
along the placenta. Fic. 38. Cross section of nearly mature seed, showing enlarged 
endothelial cells forming pockets into the starch-filled endosperm cells. Epidermis is 
partially broken down. Fic. 39. Arrow indicates protruding micropylar haustorium 
pressed against funicular tracheids, visible seventeen days after pollination. 
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is reported to be found in the micropylar region of the integument as in 
Mimulus and as reported in Digitalis purpurea in pre-fertilization stages, 
in Scrophularia vernalis and in Linaria cymbalaria (Balicka-lwanowska, 
1899). Starch has been found in the embryo saes of Torenia (Balicka-lwan- 
nowska, 1899 ; Krishna Lyengar, 1941), Linaria (Balicka-[wanowska, 1899), 
Penstemon (Evans, 1919), and in both the embryo sac and integument of 
Rehmannia (Krishna Iyengar, 1942b), Verbascum (Krishna lyengar, 
1942a), and Vandellia (Krishna lyengar, 1940a). In the present study of 
Torenia food reserves, indicated by the presence of starch which continues 
to be present from early megagametophyte development into early endo- 
sperm stages, may serve as a source of nutrition until haustoria are formed 
and active. Krishna lyengar (1940b) correlated the presence of starch in 
the embryo sae with a delay in organization and functioning of the haus- 
toria. 

In Mimulus, grown under greenhouse conditions, there is no apparent 
starch in the megagametophyte at any time. However, there is abundant 
starch present in the micropylar cells of the integument throughout mega- 
gametophyte development, and following fertilization the micropylar haus- 
toria rapidly become active in the digestion and absorption of the contents 
from these cells. 

The innermost layer of the integument, which becomes differentiated as 
an endothelial layer, has been dealt with extensively in this family by 
Krishna lyengar (1940b). He mentioned twe main functions that have 


been attributed to this layer: (1) a digestive, absorptive and storage func- 


tion, and (2) a protective role in the seed coat. As in Mimulus and Torenia, 
the endothelium referred to in literature as the tapetal layer commonly is 
found extending from the chalazal region to about the center of the sae 
and not covering the micropylar end of the megagametophyte (Krishna 
[yengar, 1940c, 1941, 1942b; Millsaps, 1936). 


Figs. 33-39. Photomicrographs of Torenia. Fig. 33. Ovule with extra-mieropylar 
portion of embryo sac adjacent to funiculus and placenta, visible five days after pollina- 
tion. Note chalazal haustorium penetrating hypostase, cellular endosperm, enlarging en- 
dothelial cells, and provascular strand. Fie. 34. Large fused micropylar haustorium 
extending beyond micropyle, with three of four disintegrating nuclei visible around 
fourteen days after pollination. Fic. 35. Enlarging endothelial cells with nuclei located 
along walls adjacent to endosperm cells. Fic. 36. Nearly mature seed, around fourteen 
days after pollination, showing embryo with provascular tissue and suspensor, thick- 
walled endosperm cells packed with starch, micropylar haustorium beyond seed coat, 
enlarged cutinized endothelial cells, and disorganized epidermis. Fic. 37. Young develop- 
ing seed with five-celled endosperm stage, and with unelongated zygote two days after 
pollination. Note the disintegrating antipodals, and the mucilaginous-appearing substance 
along the placenta. Fig. 38. Cross section of nearly mature seed, showing enlarged 
endothelial cells forming pockets into the starch-filled endosperm cells. Epidermis is 
partially broken down. Fic. 39. Arrow indicates protruding micropylar haustorium 
pressed against funicular tracheids, visible seventeen days after pollination. 
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In Mimulus the endothelial layer appears to function in the breakdown 
of other integumentary cells between it and the epidermis; however it does 
not appear to have a protective function as the inner tangential walls become 
slightly thickened only at the time of cotyledon development in the embryo, 
and the layer remains only as crushed cells in the mature seed. 

The special enlargement of certain endothelial cells, such as was found 
in 7. fournieri, also occurs in some other genera of the family. In V. erus- 
tacea (Srinivasan, 1940), after a considerable amount of endosperm and 
both micropylar and chalazal haustoria are formed, a few cells are said 
to enlarge and absorb the cell contents from the integument. In V. hirsuta 
and V. scabra (Krishna lyengar 1940a) and Torenia (Krishna lyengar, 
1941) cell enlargement in the tapetal layer reaches its peak when the haus- 
toria begin to degenerate. In the material observed by the writers in T. 
fournieri endothelial cell enlargement begins as early as the first divisions 
of the endosperm and continues throughout seed development. In this 
species these enlarged endothelial cells appear to aid in the digestion of in- 
tegumentary cells and to serve as a protective layer against mechanical in- 
jury. Such functions were also reported for this layer in T. cordifolia and 
T. hirsuta (Krishna lyengar, 1941). 

The chalazal hypostase present in both Mimulus and Torenia has been 
reported also for other members of this family (Balicka-Iwanowska, 1899 ; 
Svensson, 1928 ; Krishna Lyengar, 1940b, 1941). In his investigation of Tore- 
nia, Krishna lyengar observed that soon after fertilization most of the con- 
tents of these cells are lost and the walls become thicker. But in Mimulus 
and 7’. fourniert these walls appear to thicken even before fertilization, as 
early as the megaspore stage, and the contents appear less dense around the 
time of fertilization. Since relatively non-aggressive chalazal haustoria are 
associated with the presence of this hypostase tissue, Krishna Lyengar 
(1940b) suggested the possibility of such a compact tissue impeding the 
growth of the haustoria or, because it absorbs and transports food materials, 
making it unnecessary for greater growth of the haustoria. In neither Mimu- 
lus nor T. fourniert do the chalazal haustoria show any tendency toward 
forming even small branches, but these haustoria do, in some cases, digest 


their way through the hypostase region nearly to the epidermis of the ovule. 


SUMMARY 


1. In ovules of Mimulus tigrinus and Torenia fournieri, a single in- 


tegument surrounds a nucellus that breaks down early around all but the 


chalazal portion of the megagametophyte. 

2. The inner layer of the integument is differentiated as an endothelial 
layer. A chalazal hypostase is present in both species studied. 

3. In both genera, the hypodermal archesporial cell functions directly 
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as the megaspore mother cell; a normal mature megagametophyte is formed 
from the chalazal megaspore. In Torenia the apical portion of the mega- 
gametophyte grows through the micropyle, along the funiculus and in some 
instances to the placenta. 

4. In Torenia, but not in Mimulus, starch is present in the megagameto- 
phyte from the development of the functional spore to the mature embryo 
sac and it persists in the early endosperm stages. 

5. In both genera the endosperm is cellular from its initiation. In Mimu- 
lus, there are two uninucleate, unbranched, chalazal endosperm haustoria, 
and four uninucleate, micropylar endosperm haustoria, which branch and 
penetrate the surrounding integumentary tissue. One uninucleate chalazal 
haustorium and four uninucleate micropylar haustorial cells, which later 
fuse to form one four-nucleate haustorium, are characteristic of Torenia. 

6. In both plants studied, only after several endosperm cells have been 
formed does the zygote elongate and penetrate between the endosperm cells 
of the second tier and then divide to form the embryo proper and the sus- 
pensor. 


- 


7. In Torenia funicular and a few placental tracheids develop adjacent 
to the micropylar haustoria. This seems to indicate an absorption of nutrients 
directly from the funiculus and in some instances from the placenta by the 
haustoria. 

8. In the mature seed of Mimulus the endothelium remains only as a 
layer of crushed cells. The seed coat consists of one or two layers of col- 
lapsed cells and the cells of the epidermis of the integument, the outer walls 
of which frequently break down leaving the thickened radial walls as pro- 
jections on the surface of the seed. An endosperm surrounds the embryo. 

9. In Torenia four or five rows of cells of the endothelium enlarge mark- 
edly, appear to aid in the breakdown of other integumentary cells, and persist 
in the mature seed as large, eutinized cells which form pockets in the endo- 
sperm. The cells of the epidermis of the integument persist as the outer layer 
of the seed coat only over portions of the seed. 

DEPARTMENT OF Botany, UNIVERSITY OF WISCONSIN 
MADISON, WISCONSIN 
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The genus Dictyostelium and the group to which it belongs have been 
known since Brefeld described D. mucoroides in 1869. Additional species 
have been added by van Tieghem (1880), Olive (1901), Raper (1935; and 
1941b), and Singh (1947). These organisms occupy a position near the 
divergence of the plant and animal kingdoms, and are of interest to biolo- 
gists chiefly because of their unique developmental history. The vegetative 
stage consists of free-living and independent amoeboid cells, or myxamoe- 
bae; whereas the fruiting stage is characterized by the aggregation of these 
myxamoebae into cell collectives or aggregates, termed pseudoplasmodia, 
and their subsequent differentiation to produce fruiting structures, or 
sorocarps, of consistent and specific patterns. In marked contrast to higher 
plants and animals generally, growth and cellular differentiation (form 
development) in these organisms occur as separate and successive stages. 

Our attention in the present paper will be directed to the fruiting stage, 
and will, in fact, be centered upon the latter phase of this process, namely, 
the building of the mature sorocarp. Whereas this building process has en- 
gaged the study of various investigators since the time of Brefeld, it has 
not received equal consideration with the earlier fruiting phase in which 
the myxamoebae aggregate to form pseudoplasmodia. 

No adequate analysis of the process whereby an aggregation of coordi- 
nated but continuously separate cells is able to build a unit fruiting strue- 
ture of specific pattern and proportional dimensions has yet been presented. 
During recent months, we have been able to give considerable attention to 
this matter. While many points still remain in doubt, we believe much 
significant information has been gained, and that we are now in position 
to block out and interpret the main sequence of events. Several species of 
Dictyostelium have been examined, including D. mucoroides Brefeld 
(1869), D. lacteum van Teighem (1880), D. purpurewm Olive (1901), D. 
discoideum Raper (1935) and D. minutum Raper (1941b). 

Of these, Dictyostelium discoideum is especially favorable for this type 

1 Paper presented under this title by the senior author at the National Academy of 
Sciences Autumn Meeting, Schenectady, N. Y., Oct. 10, 1950. 


2 One of the laboratories of the Bureau of Agriculture and Industrial Chemistry, 
Agricultural Research Administration, U. 8. Department of Agriculture. 


On 


<0 








BULLETIN OF THE TORREY BOTANICAL CLUB 


Fic. 1. Growth and early development in Dictyostelium discoideum. A, Vegetative 
stage, with myxamoebae free-living and unoriented, x 15. 41, An enlarged view of same, 
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of study, and the investigation has been centered upon it, but with suf- 
ficient attention being given to other species to establish similarities and 
contrasts in behavior and differentiation. 

Let us then review briefly the developmental cycle of D. discoideum and 
see how this slime mold arrives at the stage which we propose to analyze. 
The vegetative stage is quite simple and consists in the germination of 
spores to release small amoeboid cells, the myxamoebae, which feed by the 
ingestion and digestion of bacterial cells, increase in mass and subsequently 
divide each into two daughter cells. These cells in turn feed, enlarge, and 
divide, and beyond this point growth is a purely repetitive process which 
continues until the available food supply is exhausted. At no time do the 
vegetative myxamoebae show any consistent orientation or any degree of 
organization among themselves (fig. 1A and A,). At the onset of the fruit- 
ing phase, the myxamoebae become increasingly elongate and oriented 
toward centers of aggregation to which they move (fig. 1B, B, and C), 
forming erect compact cylindrical bodies of varying size. Once formed, 
these bodies bend over, touching the agar; and in this horizontal position 
they migrate as unit structures for varying periods of time before they 
stop to build erect sorocarps. During this migration the cell collective, 
termed a migrating pseudoplasmodium, maintains a fairly constant form 
(i.e., slug- or cartridge-shaped), responds to light (fig. 1D) and-other ex- 
ternal stimuli, and shows a considerable degree of axial polarization (Raper 
1940a, 1940b, 1941a; Bonner 1944, 1947, 1950; and Bonner et al. 1950). 
At the end of migration, the pseudoplasmodium again assumes a vertical 
orientation and proceeds to build a soroecarp by the progressive and orderly 
differentiation of its constituent cells, either into propagative cells (spores) 
or sterile supportive tissue consisting of sorophore (or stalk) and basal 
disk. It is this process of cellular differentiation and the structure which 
results from it that concerns us particularly at this time.* 

Experimental. In Dictyostelium discoideum the first evidence of soro- 
carp formation, or culmination as Bonner (1944) has aptly termed this 
process, consists in a rounding up of the pseudoplasmodial body and a 
shifting of the apical tip from an anterior to an apicular position sur- 

3For more detailed information regarding the growth and aggregation of myx- 
amoebae and the behavior of pseudoplasmodia prior to fructification, the reader is 
referred to papers by Brefeld (1869, 1884), van Tieghem (1880), Olive (1902), Potts 
(1902), Harper (1926, 1929), Arndt (1937), Raper (1935, 1937, 1939, 1940a, 1940b, 
and 1941a), and Bonner (1944, 1947, 1949, 1950). Papers by Raper and Bonner deal 


particularly with Dictyostelium discoideum. 


Stained lightly with rose bengal, x 500. B, Early fruiting, or aggregation stage showing 
myxamoebae massed in radiating streams as they converge at the aggregation center, 
x15. Bi, Enlarged view of stream showing uniform orientation of constituent myx- 
amoebae, x 500. C, More advanced stage in aggregation, x15. D, Migrating pseudo- 
plasmodium moving in direction of light, x 40. 
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mounting the mass (fig. 2A—C). Shortly thereafter a very delicate, hyaline 
membrane in the form of a short tube appears in the central portion of the 
apical papilla (fig. 3). Following the appearance of this membrane, Bonner 
(1944) has correctly reported that the vertical axis of the mass decreases 
appreciably, as if to shorten the distance that must be bridged by the 
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Fic. 2. Chronology of a single developing sorocarp in D. discoideum. A, Migrating 
pseudoplasmodium. B, End of migration. C and D, Assumption of vertical orientation. 
E and F, Initiation of stalk formation. G and H, Beginning of sorophore elongation 
coincident with basal disk formation. J and J, Initiation of sorogen ascent. K, Be- 
ginning of spore formation in peripheral area. L and M, Inward progression during 
successive stages. N, Mature sorus—culmination having been completed the previous 
evening. A—J x 45; K-—N x 30. 


stalk initial (figs. 2 D to F and 3 E and F). The tube lengthens somewhat, 
and this together with its downward shift, occasioned by the flattening of 
the whole mass, soon brings the tube near to or in contact with the sub- 
stratum. The lowermost portion of the tube is constricted appreciably 
(fig. 3 E and F) and not uncommonly appears to be almost completely 
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closed. There is at this stage no apparent differentiation of the myxamoebae 
either within or outside the hyaline membrane, which may be appropriately 
termed the sorophore sheath since it already delimits the cells which will 
contribute to the formation of the basal portion of the stalk, or sorophore. 

The formation of the sorophore sheath is of the greatest significance im 
sorocarp development. It is in a real sense the product of the whole com- 
munity of codrdinated cells acting as a unit organization. The proportions 
bear a definite relationship to the mass of coédperating myxamoebae, and 
at this early stage it effectively determines the dimensions which the sup- 
porting tissue will assume. What then is the nature of this sheath and how 
does it originate ? 

The sorophore sheath is obviously composed of cellulose, or a cellulose- 
like substance. Examined at this early stage, it gives a characteristic cellu- 
lose reaction when stained with such reagents as (1) chloroiodide of zine 
and (2) iodine and sulphuric acid, and it shows strong birefringence when 
viewed with polarized light (fig. 3, et seq.). Examined in the mature soro- 
‘arp, as we shall see later, it exhibits additional characteristics of true 
cellulose (see pp. 43-46). Quite unlike the cellulose walls which are laid 
down within the primary walls of individual cells of higher plants, this 
sheath is apparently formed extracellularly, and it is deposited in the 
intercellular spaces that lie in a critical area within the mass of amoeboid 
cells. It seems necessary to assume that cells adjacent to this site secrete 
enzymes which synthesize cellulose outside their own bodies; whether such 
cells lie within or outside the sorophore sheath has not been determined. 
Under high magnifications, as viewed with polarized light or as seen in 
stained preparations with ordinary light, the sheath in its earliest stage 
appears to consist of a loose network of delicate, interlacing fibers predomi- 
nantly oriented in the direction of the sorophore axis (fig. 3 D). As the 
sheath matures, and prior to any obvious differentiation of cells within 
it, this network of cellulosic fibers appears to contract laterally forming a 
continuous and compact cellophane-like tube. At the same time, however, 
the uppermost, funnel-like portion, which represents the area of sheath 
formation and extension, continues to exhibit the loose fibrous character 


which marked the earliest evidence of its development. 


Soon after the sorophore sheath comes in contact with the substratum 
the mass of myxamoebae begins to rise. And concurrent with this change, 
a broadly conical and cupped disk which surrounds and supports the base 
of the sorophore begins to form which insures a perpendicular orientation 
for the developing sorocarp. It was previously reported (Raper 1935, 1940a 
and 1941a) that this dise was formed subsequent to and beneath a membrane 
which appeared a little above the base of the sorophore and extended out- 
ward from it in all directions to the periphery of the mass. Current and 
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more critical observations provide a more satisfactory explanation. As the 
mass of myxamoebae begin to ascend the stalk, both as a result of amoeboid 
movement of constituent cells and by the lifting effect of the differentiating 
stalk (to be considered later), the slime envelope which at this stage sur- 
rounds the whole body begins to invaginate near its base. As this pro- 
gresses, soon reaching the sorophore from all sides, it isolates an appreci- 
able and somewhat conical mass of eells in contact with the substratum 
(fig. 4). Already the lowermost of these will have begun to enlarge, be- 
coming thick-walled and compacted, forming a rigid parenchyma-like tissue 
comparable in texture to the cellular content of the mature sorophore (fig. 
10A). The walls of basal disk cells, like those of the mature sorophore, 
show a strong cellulose reaction (see pp. 43-46). 

By the time the basal disk is fully formed, the sorophore has started to 
elongate upward and the mass of undifferentiated myxamoebae has begun 
its slow ascent (fig. 4 C). Already the area of cells which will form the 
spore mass, or sorus (pre-spore cells),* and that which will contribute to 
further extension of the stalk (pre-stalk cells) are well delimited (Bonner 
1944, Raper 1940b). The former represents the main body of the mass, 
whereas the latter comprises a smaller body of cells surrounding the apical 
papilla and extending down into the shoulder of the rounded mass. Al- 
though the cells comprising both areas are still amoeboid and plastic, dif- 
ferences in orientation are clearly evident. The pre-stalk cells show a 
marked and generally horizontal orientation. In contrast, the pre-spore 
cells in the lower portion of the mass and adjacent to the sorophore show 
a diagonal to vertical orientation, whereas those in the uppermost region 
are more nearly iso-diametric and seemingly show no consistent orientation 
(fig. 6). 

As culmination proceeds, the mass of fruiting myxamoebae, or sorogen 
(Harper, 1926), separates from the basal disk and in doing so loses con- 
tact with the substratum. An important question is posed immediately. 
How is the sorogen raised during culmination? Brefeld (1869, 1884), Olive 
(1901), and Harper (1926), all working with D. mucoroides, believed that 
it arose simply as the result of the eumulative amoeboid movements of its 


4 Terminology introduced by Bonner, 1944. 


Fig. 3. Initiation of stalk formation in D. discoidewm. A and B, Intact fruiting 
masses killed in 70% aleohol and stained with iron aceto-carmine, photographed without 
distortion under normal and polarized light, respectively, x 85. C and D, Apical region 
at still earlier stage stained with iodine-chloroiodide of zine, somewhat flattened by 
coverglass, and photographed under normal and polarized light, respectively, x 170. 
E and F, Early stage in stalk formation; fruiting mass laid open to show form and 
position of young stalk. Original position of basal line is indicated in Z, the material 
below representing the proximal side of the mass which has been folded back. Killed 
in 70% alcohol, stained with iron aceto-carmine, and photographed under normal 
(E) and polarized light (F), x 85. 
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constituent cells. And interestingly enough, in this species such an ex- 
planation is probably adequate until a mid- to late-culmination state is 
reached, at which time the problem becomes identical with that in D. 
discoideum (see Raper, 194la, pp. 59-61). There can be little doubt but 
that codrdinated amoeboid movements in the central and basal portions of 
the young sorgen of D. mucoroides, D. purpureum, or other non-migrating 
species constitute an important and substantial ‘‘lifting foree.’’ Likewise, 
there is little doubt but that such movements contribute materially to 
sorogen uplift in D. discoideum during the period when a large proportion 
of the pre-spore cells are still amoeboid. Such a view is strongly supported 





ce ed 


Fic. 4. Origin of the basal disk in D. discoideum. Killed with 70% aleohol and 
stained with iron aceto-carmine. A, Early stage showing slight invagination of slime 
envelope. B, Later stage wherein invagination has reached the sorophore, thus separating 
the myxamoebae which will form the basal disk—characteristic relationship of disk and 
sorogen is shown at left, right side of mass is somewhat broken and distorted. C, Still 


later stage showing complete separation of sorogen from basal disk, photographed under 
polarized light, x 85. 


by the orientation of myxamoebae in the lower central area of sorogens 
such as that shown in figure 6. As culmination progresses, however, and as 
more and more of the pre-spore cells become transformed into firm-walled 
spores, it becomes increasingly improbable that amoeboid movements of the 
remaining undifferentiated cells could constitute an effective motive force. 
We must, therefore, look elsewhere for some force which is adequate to 
lift the mass of progressively differentiating and inactive cells. 
Examination of the disposition, orientation, and differentiation in dif- 
ferent cell areas of the maturing sorocarp reveals a number of significant 
facts and is believed to furnish clues to the nature of the lifting force. 
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The cells in the lower portion of the sorophore are now fully differentiated, 
polyhedric in pattern, thick-walled and tightly compacted forming a turgid 
parenchyma-like tissue completely filling the lower portion of the sorophore 
sheath. In this same region, the sheath is seen as a continuous firm, hyaline 
membrane, or wall, against which the stalk cells are closely molded (fig. 5B 
and ©). The area of marked cellular differentiation in the stalk extends 
upward about halfway through the rising sorogen (fig. 5B). In a narrow 





Fig. 5. Optical section of young soroearp in D. discoideum. Killed in 70% aleohol 
and stained with iron aceto-carmine. A, Entire structure showing relation of parts, 
slightly distorted by pressure of coverglass, photographed with polarized light, x 85. 
B, Detail of apical region showing the expanded formative area of the sorophore sheath 
and the characteristic orientation of cells in the upper half of the developing sorophore ; 
the arrow at a indicates line of demarcation between pre-stalk and pre-spore cells, 
whereas that at b indicates the region between vacuolated and still plastic sorophore 
cells. Some plasmolysis has occurred at ¢ and d so that the cells have pulled away from 
the stalk. C, Detail of basal area showing the rounded base of the sorophore surrounded 
by the basal disk. B and C, x 250. 


zone beyond this point, the cells show progressively less differentiation, 
merging imperceptibly into a more or less extended area where they appear 
to be plastic and completely devoid of walls other than the cell membranes 
characteristic of amoebae generally. Surrounding this area, however, the 
sorophore sheath has already assumed its definitive form (i.e., proportional 
and characteristic taper)—presumably by the condensation and lateral 
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contraction of the free and formerly loose-textured cellulose deposit. In 
the upper reaches of the newly contracted sheath, the still pliable cells 
show a most interesting orientation. Those adjacent to the sorophore sheath 
are characteristically elongate and are oriented in a diagonal direction 
upward and away from the sheath wall (figs. 5 B, 9A.). In the same area 
those cells in the center of the development stalk are oriented more nearly 
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Fie. 6. Young sorocarp of D. discoideum. Killed and stained with iodine—potas- 
sium iodide followed by zinc chloride. Photographed after the characteristic staining 
reaction of the stalk had largely faded. A, Normal light. B, Polarized light. Note par- 
ticularly the sharp separation of pre-stalk cells (above) and pre-spore cells (below) 
and the orientation of cellular elements in both areas. The slime envelope, still present 
at this stage, is somewhat distended and clearly evident in the basal area, x 300. 


horizontally but are more or less crescent-shaped and arched in the direc- 
tion of the stalk apex. There is, then, in this portion of the stalk consider- 
able evidence of an upward and constant pressure of some magnitude. 
The probable source of that pressure lies in the differentiating stalk 
cells below. It has long been recognized (Brefeld 1869, Olive 1902, Harper 
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1926, Raper 1935 and 194la, Bonner 1944) that the polyhedric firm- 
walled cells of the sorophore are of substantially larger dimensions than 
the myxamoebae which give rise to them. In the present study, examina- 
tion of saline preparations showed the fully differentiated stalk cells to 
be about 8.0-8.5 » diameter, whereas the rounded undifferentiated cells in 
the uppermost portion of the sorophore sheath were smaller, dense (Bonner 
1944), and ranged around 4.5-5.0 » diameter. If these cells are regarded 


wie Fis 


Fig. 7. Spore maturation in D. discoideum. A, Developing sorocarp killed in 70% 
alcohol and stained with iron acetocarmine; note separation of pre-stalk cells (lighter 
above) and pre-spore cells (darker)—note further the area of lightly stained, still 
amoeboid cells in the lower part of the pre-spore mass, x 120. B, Cross section of de- 
veloping sorocarp at point indicated by arrow in A, showing an outer zone of mature 
spores surrounding an area of still undifferentiated pre-spore cells adjacent to the 
sorophore which formerly occupied the clear central area, x 260. 


as spheres, which both approximate but neither represent, the increase in 
volume is at once apparent. Since the sorophore sheath is somewhat con- 
stricted at its base (fig. 3 E and F’) and also rests on the substratum (fig. 5), 
and since the sheath wall is rigid and unyielding in the area of most active 
cell differentiation and enlargement (fig. 5 B, 9 A), any pressure developed 
there is of necessity directed upward. This upward thrust is brought to 
bear directly against the slime envelope which surrounds the apical papilla 
and extends down over the shoulder of the rising sorogen to the point where 
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spore differentiation is already under way. Beyond this point the slime en- 
velope has dissolved and the spores are held together in a rounded drop, 
apparently by surface tension (figs. 2L, 9B.). It is believed, although the 
point has not been proved, that this same upward thrust of the enlarging 
sorophore cells is continually pushing forward within the sheath a more 
anterior region of physiologically active and transiently specialized cells 
which either directly, or by their action on neighboring cells, are responsible 
for the continued deposition of extracellular cellulose, hence the extension 
of the sorophore sheath and stalk. As noted by most observers of these slime 


molds, the uppermost part of the developing sheath is characteristically 


funnel-shape (fig. 5), a form which likewise results from the pressure of 
the expanding cells below. In this area the cellulose film or network is still 
elastic and hence spreads laterally, relieving somewhat but not obliterating 
the lifting effect of the upward thrust already described. Raper (1940a) 
and Bonner and Eldridge (1945) postulated the existence of an internal 
morphogenetic lifting force in D. discoideum, but neither succeeded in 
identifying the source or nature of such a force. 

During this same period, the pre-spore cells are being progressively dif- 
ferentiated into capsule-shaped, firm-walled spores—hence are immobilized. 
This process of differentiation begins first at the periphery of the sorogen, 
as pointed out in earlier papers (1940a, 1941a), and proceeds most rapidly 
in the uppermost part of the pre-spore mass (figs. 7A and B, 9B.). It pro- 
gresses inward and downward (Bonner, 1944) until all pre-spore cells have 
become transformed into spores, shortly before the sorophore attains its 
maximum height. The fact that pre-spore cells in the lower central portion 
of the sorogen remain amoeboid after the bulk of the remainder have largely 
differentiated, and the fact that they are generally oriented in a diagonal 
plane inward toward the sorophore, lead us to believe that they exert an 
appreciable but continually decreasing role in raising the sorogen during 
culmination (fig. 6 and 9B,). Bonner (1944) has reported that the pre-spore 
cells differentiate quickly and that the entire process is completed within 
an hour or less, but our observations, made over a period of many years, 
fail to substantiate this view. 

The position and orientation of pre-stalk cells are most interesting. Dur- 
ing migration they occupy an apical position (Raper 1940b) and show a 
transverse, or dorso-ventral, orientation (Bonner 1944). During culmina- 
tion they occur as a relatively thin mantle bounded on the outside by the 
slime envelope which surrounds the apical papilla and on the inside by the 
developing sorophore sheath (figs. 6, 8, 9). They are consistently oriented in 
a direction opposite to their path of movement. Whereas they are destined 
to contribute to stalk elongation and each must eventually surmount the top 
of the sorophore sheath and occupy a position within it, their orientation 
would indicate that this fate is actively resisted. It is obvious that they are 
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being pushed into position. In the course of normal culmination the energy 
responsible for their movement would appear to reside in a counter force 
resulting from the cohesive properties of the sorogen which is being lifted 
in the manner already described. Prior to spore differentiation, the sorogen 
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Fig. 8. Late stage in sorocarp formation, D. discoidewm. Killed in 70% aleohol and 
stained with dilute nile blue sulphate. 4, Complete sorogen photographed under polarized 
light, showing relationship of parts (allowance should be made for the crushing effect 
of the coverglass). An enveloping membrane still persists around the apical papilla but 
has disappeared from the underlying mass of mature spores, x 230. B, Enlarged view 
of apical tip in comparable stage of development, x 610. 


represents a viscous mass within which amoeboid movements are believed to 
be important, but toward the close of differentiation it is comparable in 
effect to a drop of very. thin syrup in which are suspended thousands of 
minute or inactive particles (spores). At this latter stage amoeboid move- 
ments can play little or no part in raising the spore mass. At all times there 
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exists a strong tendency, however, for the mass to assume a rounded or tear- 
drop shape. With the continued lengthening of the sorophore this results in 
a drag upon the entire body which, with readjustments in shape, is ex- 


Fic. 9. Two stages in stalk formation in D. discoideum. Diagrammatic. A, and A,, 
Surface and sectional view of young sorocarp; in the latter, note that young stalk 
extends almost to the substratum and that cells in basal area are beginning to vacuolate, 
creating an upward pressure which displaces still plastic cells above. B, and B,, Surface 
and sectional view of later stage; in B,, note pre-stalk (darker above) and pre-spore 
areas and zone of still amoeboid cells below (also darker); in B,, note orientation of 
pre-stalk cells, differentiation of spores from periphery inward, orientation of pre-spore 
cells adjacent to stalk at base of sorogen (internal dotted lines indicate extent of spore 
maturation at stage shown), relationship of stalk base to basal disk, and particularly 
the upper portion of the young stalk where cells are oriented diagonally due to 
upward pressure from vacuolating cells below. 


pressed in a substantial upward force stemming generally from the lower 
surface of the slowly rising mass (fig. 9B,). As the drop strives ever to 
achieve a minimal surface area, the resulting pressure upon the pre-stalk 
cells above, exerted through the never-rigid mass of pre-spore cells and 
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spores, is sufficient to promote their characteristic orientation and to account 
for their movement into the developing sorophore sheath. It seems neces- 
sary to assume that this counter-force, either constantly or intermittently, 
exceeds the primary lifting foree (p. 32), otherwise myxamoebae would be 
pushed from rather than into the sheath primordium. 

Thus in the process of culmination two lifting forces, aside from the 
diminishing role of amoeboid movement, would appear to be of paramount 
importance. First, there is the upward thrust of the elongating sorophore, 
which exerts a continuing pressure against the membrane that surrounds 
the apical papilla. The enlargement and vacuolation of more basal soro- 
phore cells meanwhile continually move forward a zone of myxamoebae 
which apparently catalyze cellulose deposition, hence contribute to the 
further elongation of the tubular sheath. Second, there is the counter pres- 
sure developed by the cohesiveness of the sorogen, and this acts to crowd 
the pre-stalk cells into the apical papilla, over the open end of the sorophore 
sheath, and into the differentiating sorophore. Actually the two forces, and 
the cell movements activated by them, are complementary. The advancing 
cells within the sorophore terminus promote sheath deposition and elonga- 
tion, hence trapping more and more cells at its terminus. Meanwhile, the 
cells on the outside, by being crowded forward in the apical papilla, con- 
tinually arrive one after another in a favorable position to be trapped. 
Superficially, it would appear that the elongating open-ended sorophore 
sheath primordium is continually striving to reach the membrane which 
envelopes the whole apical papilla. However, it never quite succeeds in this 
goal (until all pre-stalk cells are used up) because this membrane, and 
with it the entire cohesive mass, is continually advancing because of counter 
pressure from the rounding sorogen which periodically or constantly 
crowds additional cells into the narrow gap between. Viewed microscopi- 
cally, the apical tip of an actively culminating sorocarp, if properly fixed 
and mounted without distortion, shows the sorophore sheath extending al- 
most to the membrane which covers the papilla (fig. 8B), and in advanced 
stages the space between the two is hardly more than is necessary for the 
myxamoebae to be pushed through. It is interesting to observe that in such 
apical regions the pre-stalk cells near the base of the papilla are usually 
oriented in a nearly true transverse direction. Nearer the top they become 
inclined diagonally with the outer margin of the cell somewhat above the 
inner, whereas just below the top the angle of inclination is even steeper 
and at the very edge there is a suggestion that the cells may be actually 
toppled into the advancing sheath (fig. 9). 

We have not succeeded in determining the exact identity of cells which 
are responsible for the deposition of the sheath building material, cellulose. 
We cannot say whether the cellulose is deposited by the cells on the inside 
or on the outside of the sheath extremity. Possibly the question is not too 
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important, for we should remember that the cells which are now on the 
inside were very recently on the outside. Perhaps the capacity to produce 
cellulose extracellularly is somewhat general to this area. The really critical 
matter is the determination of the circular zone in which it collects. This im- 
mediately raises the questions: What determines the diameter of the soro- 
phore sheath? What governs the reduction in size of the sheath during 
culmination, hence producing the even taper which is characteristic of the 
sorocarps of D. discoideum and related species? Obviously, this is accom- 
plished within the apical region. Are the cells within the sheath responsible 
for its diameter? This hardly seems probable. The sorophore sheath is al- 
ready present as a continuous cellulose tube in advance of any evident dif- 
ferentiation of individual stalk cells. In differentiating, these cells assume 
variable forms as necessary to fill the lumen of the existing sheath rather 
than a definitive form as if governed by some force inherent in themselves. 
This is particularly striking in very small structures: in a sheath 3.5 » wide 
(a very small one) the cells are about 15 » long, or vertically elongated ; in 
a sheath 7-8 » wide they are essentially isodiametric ; whereas in a sheath 
10-11 » wide they are commonly 3.0—-3.5 » long, or horizontally flattened. 
The diameter of the sorophore is obviously determined at the advancing site 
of sheath origin—and the progressively smaller circumference of this site 
is apparently governed by some force or mechanism, outside the cells which 
subsequently differentiate in the developing stalk. 

A stronger case can be made for the determinative role of the cells which 
surround the forming sorophore sheath. Since the diameter and taper of 
the sheath is typically proportional to the size of the organization from 
which it develops, it appears almost axiomatic that this should be deter- 
mined by a ‘‘bloc’’ of closely coordinated cells. Furthermore, the situation 
would seem to demand that a continuity of organization within the bloc 
should exist throughout the entire process of culmination. These conditions 
are met by the pre-stalk cells which occupy a near terminal position in the 
apical papilla, for whereas the identity of the individual cells in this region 
is continuously changing, the continuity of organization in the cell bloc 
remains intact from the very earliest through the final stage of culmination. 
As a matter of fact, under normal circumstances such continuity is estab- 
lished long before culmination is initiated (Raper 1940b; Bonner 1944). 
As the sorocarp rises and cells enter the developing sorophore, the body of 
pre-stalk cells becomes smaller and smaller. Meanwhile the diameter of the 
apical papilla becomes less and less. As these changes occur, perhaps the 
cohesive force of the layer of myxamoebae surrounding the young stalk is 
sufficiently strong and sufficiently gradual to produce an orderly retraction 
of the zone in which the extracellular cellulose is deposited, hence effectively 
governing the diameter and taper of the sheath. Coupled with such a postu- 
lated cohesive force, or possibly of even greater importance, may be a 
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pinching effect of the slime envelope covering the papilla as it, together 
with the sorogen, loses water upon being raised into the air. The latter effect, 
if significant, could be expected to act by compacting the layer of cells 
which underlie the membrane. It may well be that once stalk formation is 
underway, and when the sorogen is raised into the air, the loss of water 
from the developing sorocarp may set in motion physical forces which are 
largely responsible for the further progress of culmination. 

The process of culmination may be regarded as finished when all of the 
pre-stalk cells have entered the sorophore sheath and become differentiated 
into firm-walled cells, for by this time, and often somewhat earlier, all pre- 
spore cells have been transformed into spores. The mature sorocarp then 
consists of an upright, rigid, tapering shaft, the sorophore, which is sur- 
rounded and anchored to the substratum by a broadly conical cellular plate, 
the basal disk, and which bears at its terminus a rounded to citriform spore 
mass, or sorus, consisting of abundant spores suspended in a drop of water 
or thin slime. The mature sorus may be regarded as structureless, assuming 
its characteristic form and adhering to the top of the sorophore as the re- 
sult of physical forces. The basal disk consists simply of a cupped mass of 
compacted, firm-walled cells bounded on its upper surface by the remains 
of the distended slime sheath, which at one time enveloped the entire 
pseudoplasmodial mass, and on its lower surface by the substratum with 
which it is in intimate contact. The basal disk insures that the sorocarp 
will be constructed in a direction essentially perpendicular to the substra- 
tum and that it will retain this position after it is mature. The mature soro- 
phore consists of a continuous, firm, hyaline, tube-like outer wall or soro- 
phore sheath, and an inner column of expanded, closely compacted, firm- 
walled, polyhedric cells which typically fill the lumen of the sheath com- 
pletely (figs. 1OA and C). The sheath is not fused with the cells of the 
column at any time or place. It assumes an identity during the building 
process which it retains even when culmination is complete (figs. 11A and 
B). 

Additional evidence that the sorophore sheath represents a discrete 
structure separate from the cells contained within it is provided by occa- 
sional stalks of normal pattern and dimensions but of somewhat atypical 
structure. In mature sorocarps the sheaths are typically filled from base 
to vertex with closely compacted, fully vacuolated cells having relatively 
firm cellulose walls. In the structures under consideration a part or all of 
the cells in limited areas (usually terminal or sub-terminal) of the sorophore 
fail to attain this degree of differentiation. In such areas some cells may 
differentiate completely and appear as a cluster or row of rounded walled 
elements, while the neighboring cells appear enlarged but otherise undiffer- 
entiated. In other cases none of the cells in a given area may show evidence 
of differentiation beyond limited enlargement, and the zone of transition 
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between such thin-walled (membrane covered) cells and the characteristic 
parenchyma-like tissue of an underlying area of full cellular differentiation 
may be clearly evident (fig. 10D). In neither case are completely differen- 
tiated, polyhedric cells in contact with the sorophore sheath, or stalk wall, 
as they would of necessity be if the sheath represented the fused outer walls 
of peripheral cells. The formation of the sheath by, or in response to the 


Fig. 10. Mature sorophores of D. discoideum in unstained water mounts. 4 and B, 
Large stalk photographed under normal and polarized light, respectively; note pith-like 
pattern of cellular structure, x 380. C, Terminal area of smaller structure showing cells 
in a single tier bounded by the continuous strongly birefringent sorophore sheath; 
polarized light, x 760. D, Atypical sorophore in which constituent cells are incompletely 
differentiated (see p. 49); note continuity of sorophore sheath in absence of complete 
cellular differentiation, x 700. 


coordinated activity of many cells is certainly of primary significance— 
whether or not all of the cells within this sheath subsequently reach full 
differentiation is obviously less important. The proportion of cells which 
fail of complete differentiation is seldom large in any given sorophore. 
Furthermore, those cells which remain incompletely differentiated usually 
show evidence of considerable enlargement. Thus, the essential lifting force 
is not substantially reduced in sorophores where some cells remain only 
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partially differentiated. Complete differentiation of all sorophore cells 
(with the attendant compacting of these to form a parenchyma-like tissue) 
undoubtedly contributes to the rigidity of the mature stalk, but such full 
differentiation is obviously not essential to its construction and normal 
proportions. 

We have discussed at some length the origin and significance of the 
sorophore sheath during sorocarp formation. Its structure and properties 
are no less interesting. In describing D. mucoroides, Brefeld (1869) ob- 
served the formation of such a sheath, and correctly reported that it and 
the walls of the cells within it contained cellulose, as determined by the use 
of chloroiodide of zine and iodine and sulphuric acid. He did not, however, 
comprehend the significance of this structure since he then believed the 
aggregating myxamoebae fused to form a true plasmodium, hence built its 
fruiting structure after the manner of a true myxomycete sporangium. 
Subsequent to this, and working both with D. mucoroides and D. pur- 
pureum, Olive (1902) reported the outer continuous stalk wall to consist 
principally of mucus. Although he used the same techniques employed by 
Brefeld, he obtained a strong cellulose reaction only in the walls of the 
polyhedric, vacuolated stalk cells. Subsequent investigators, including Raper 
(1940a), have generally regarded the strengthening material of the soro- 


phore as cellulose, although no painstaking examination to identify this 
material has ever been made. 


In the present study we have paid particular attention to this question, 
and have employed a number of different criteria, including those reported 
by Brefeld (1869) and Olive (1902). Tests performed included: (1) Stain- 
ing with chloroiodide of zinc-—Used both as a single solution and as iodine- 
potassium iodide followed by zine chloride. Sorophore sheaths and walls 
of stalk and basal disk cells develop a violet to purple color when treated 
with these reagents. (2) Staining with iodine-potassium iodide and sul- 
phuric acid (60 %).—Sorophore sheaths are somewhat swollen and stain 
blue; stalk and basal disk cell walls stain blue also, but the staining reac- 
tion is sometimes more or less variable. (3) Staining with congo red.—Soro- 
phore sheaths and walls of stalk and basal disk cells stain intense red in an 
alkaline solution of this dye, becoming intense blue when transferred to 
dilute HCl. (4) Solubility in Schweitzer’s Reagent.—Sorophore sheaths 
and walls of stalk and basal disk cells are dissolved rapidly in this reagent. 
(Prepared by bubbling air for 1 hour through a strong solution of am- 
monium hydroxide containing copper turnings). More dilute solutions give 
slower reactions and permit the sheath to swell appreciably before dissolu- 
tion. No evidence of a lamellar structure in the sheath has been observed. 
The walls of stalk cells and the terminal portion of the sheath regularly 
dissolve prior to the more basal portion of the sheath, presumably because 
of lesser cellulose deposits. Typically, there remains around the lower 
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4—1 of the stalk a loose, hyaline and extremely delicate membrane which 
fails to dissolve, even after prolonged exposure to the reagent at full 
strength (see p. 25 and fig. 12D). (5) Solubility in 72% H,SO,—Soro- 
phore sheath and walls of stalk and basal disk cells dissolve with some swell- 
ing. Walls of cells first dissolve, then the sheath from the terminus down- 
ward. As in the preceding test, some unidentified substance usually remains 
as a delicate, distended, hyaline membrane surrounding the basal portion 
of the stalk. This residue is not birefringent. (6) Birefringence.—Mature 


Fig. 11. Crushed sorophore of D. discoideum. Stained with iodine-chloroiodide of 
zinc, crushed and photographed with, A, normal and, B, polarized light. Note the 
continuous nature of the sorophore sheath and the manner in which it separates from 
the broken cellular column which it formerly contained, x 230. 


sorophore sheaths show strong birefringence when viewed with polarized 


light (figs. 10 and 11), whereas immature areas show a similar but less in- 
tense response (fig. 3). Walls of individual stalk cells, basal disk cells and 
spores show evident but less marked birefringence. Sorophores show ex- 
tinction parallel to their long axes, indicating orientation of cellulose in this 
direction. (7) X-ray diffraction pattern.—Intact sorophores (consisting of 
sheath and stalk cells) show a weak fibered diffraction pattern on which only 
2 equatorial reflections at 4.05 A and 4.41 A ean be identified. These spacings 
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agree with those shown by hydrate cellulose. (Courtesy of Dr. Nison N. 
Hellman, Northern Regional Research Laboratory.) (8) Microbial decom- 
position.—When mature sorophores are incubated on the surface of 
mineral salts agar’ in the presence of cellulolytie bacteria, first the internal 


Fig. 12. A and B, Microbial destruction of stalks of D. discoideum. Mature 
sorophores were placed on carbohydrate-free mineral salts agar with a _ cellulolytie 
bacterium, Corynebacterium fimi NRRL 402. Two-week incubation at 25° C. A, Soro- 
phore partially decomposed, the darker area still retains some cellular structure, x 100. 
B, Sorophore more completely digested, all cellular structure has been lost, x 150. C, 
Twisted slime track of migrating pseudoplasmodium, photographed with polarized light, 
x 420. D, Basal portion of mature sorophore undergoing decomposition in Schweitzer’s 
solution; note the loose mantle surrounding the basal portion of the stalk which 
remains undigested (see text, p. 39), x 150. 


cellular structure and subsequently the sorophore sheaths are decomposed 
(fig. 12A and B). Species which have been tested and found capable of 
effecting such microbial decomposition include: Corynebacterium fimi 


5 Agar based upon mineral solution recommended by Dubos (1928) for testing 
cellulolytie properties of bacteria. 
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(McBeth and Seales) Jensen, NRRL B-402 and B-403; Cellulomonas bia- 
zotea (Kellerman, et al.) Bergey, et al., NRRL 401; and strains of Cellvibrio 
sp. The fact that these bacteria are able to attack the sorophores and grow 
in the absence of any carbohydrate other than that which is present therein 
is regarded as strong presumptive evidence that this building substance 
represents true cellulose (Raper, 1937). (9) Acid hydrolysis—When soro- 
phores are hydrolyzed in concentrated HCl at room temperature, followed 
by further hydrolysis in 1% HCl at 100° C., a reducing substance results 
which in paper chromatograms travels at the same rate as glucose. Cour- 
tesy of Drs. F. H. Stodola and H. J. Koepsell, Northern Regional Research 
Laboratory. ) 

Whereas much of the foregoing evidence is presumptive in character, 
the sum of it would seem to indicate unmistakably that the principal build- 
ing substance in the sorophore of Dictyostelium discoideum is cellulose. 

Discussion. Of particular interest is the manner in which the cellulose 
is formed and first deposited in Dictyostelium to construct a tube-like 
sheath which is at once extracellular and yet proportional to the whole mass 
of myxamoebae which are concerned in its formation. One looks in vain 
throughout the plant kingdom for comparable situations. In the higher 
plants, cellulose is deposited inside the primary walls of differentiating 
cells—not into intercellular space as in Dictyostelium. 

Perhaps the closest analogy is to be found in the vinegar bacteria. 
Hestrin and co-workers (1947) have shown that ‘‘true cellulose in the 
form of a mesh of beautifully defined fibrils occurs as an extracellular 
product’’ of Acetobacter xylinum, and have further demonstrated that this 
process can proceed in the absence of cell proliferation when washed cells 
are placed in a suitable substrate (2% glucose) at 37° C. Frey-Wyssling, 
Miilethaler, and Wyckoff (1948) have demonstrated the same synthesis and 
noted the similarity of the micro-fibers in higher plant and bacterial cellu- 
lose. Miilethaler’s electron photomicrographs (1949), made in Dr. Wyckoff’s 
laboratory at the National Institutes of Health (Bethesda, Md.), are espe- 
cially beautiful and convincing. The extracellular synthesis of cellulose by 
enzymic action is thus amply documented. 

One can, we believe, assume that cellulose is formed in much the same 
manner in Dictyostelium. However, in this case, superimposed upon such 
synthesis is a regulatory mechanism which governs the position and chang- 
ing magnitude of the site at which the cellulose is deposited. This demands 
a degree of cellular organization and integration which far transcends the 
behavior of Acetobacter, and it is this interrelationship of independent but 
closely coordinated cells which lends significance to sorocarp formation in 
Dictyostelium. In conversation, Prof. I. W. Bailey, Harvard University, 
has pointed out that whereas cellulose in the higher plants is always de- 
posited within the primary wall, it is at the same time always deposited out- 
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side the protoplast. In Dictyostelium, where the cellular units are in the 
form of myxamoebae, hence approximate naked protoplasts, perhaps it is 
not surprising that the first cellulose formed and deposited should take the 
form of a continuous film (the sorophore sheath) adjacent to the surface 
of a layer or palisade of cells actively secreting cellulose synthesizing en- 
zymes. In the tunicates, or sea squirts, a firm protective outer wall of tuni- 
ein, a cellulose-like material, is undoubtedly deposited by some mechanism 
of this general character. 

The formation of cellulose during the differentiating processes incident 
to sorocarp formation in Dictyostelium seems to be a rather general phe- 
nomenon. We have paid particular attention to its extracellular origin and 
its deposition in the form of a properly proportioned sheath, since this 
phenomenon appears to be unique for these slime molds. However, once 
culmination is under way and cells begin to assume their final and defini- 
tive form, cellulose as a strengthening substance is deposited in the walls 
of ripening spores and in the expanded walls of both sorophore and basal 
disk cells. This deposition of cellulose within the walls of vacuolating soro- 
phore cells contributes to the rigidity of the mature sorocarp and, as already 
pointed out, the attendant cellular enlargement and vacuolation provides 
the principal force necessary to elevate the sorogen during culmination. 
In spores and in the supportive cells, however, cellulose deposition appar- 
ently takes place in an entirely conventional manner, being deposited upon 
or within the cell membrane surrounding the individual protoplast. There 
is, in addition, some evidence of cellulose formation taking place prior to 
the begnning of sorocarp formation. As the migrating pseudoplasmodium 
moves across the agar surface, it leaves behind a slime deposit in the form 
of a collapsed tubular sheath, which may be appropriately termed the slime 
track. When stained with chloroiodide of zine this deposit develops the 
characteristic color of cellulose, and when viewed with polarized light it 
exhibits some birefringence, especially in areas where it is twisted in the 
form of a microscopic thread (fig. 12C). It is not dissolved in Schweitzer’s 
solution, although such treatment destroys its birefringent properties. We 
can reasonably assume that the principal constituent is some other material, 
perhaps mucin, but there is nevertheless considerable evidence that extra- 
cellular cellulose is already being formed during the pre-culmination stage 
and that a part of such cellulose is finding its way to the outside of the cell 
body where it is picked up by the enveloping sheath. Perhaps, then, the 
important fact in sorocarp building is not that cellulose begins to be formed 
at this time, but that it then first begins to be deposited in an orderly man- 
ner and in a strategic position. 

Olive (1992), studying Dictyostelium mucoroides and D. purpureum 
particularly, reported the sorophore sheath (‘‘membranous covering’’) to 
consist primarily of mucus rather than cellulose. This report was based 





48 BULLETIN OF THE TORREY BOTANICAL CLUB [Vou 79 


upon the behavior and color changes observed when fruiting structures were 
mounted in chioroiodide of zinc, and when stained with haemotoxylin and 
muchaematin. The rapid staining of stalk walls by the latter was accepted 
by him as conclusive proof of the presence of mucus as the major constitu- 
ent. He did obtain some evidence of cellulose, but noted that several hours’ 
exposure to chloroiodide of zine was required to bring out the character- 
istic color reaction. In the present study, we have used a muchaematin 
stain prepared according to the formula of Mayer (Lee’s Vade Mecum, 
Tenth Ed., p. 411, 1937) and have obtained little evidence of the presence 
of a mucus covering forming an outermost layer of the sorophore wall 
(sheath) in D. discoideum. Examination of sorophores of D. mucoroides 
and D. purpureum, especially portions of the latter which are formed 
parallel with the agar surface prior to the beginning of spore differentia- 
tion, has yielded inconclusive results, although a material is commonly pres- 
ent which stains blue with muchaematin. This material represents the con- 
tracted sheath which initially surrounds the young sorogen and which 
is left on the agar surface as a flattened ribbon-like deposit after the body 
of myxamoebae has moved forward. It is sometimes seen as a bridge stretch- 
ing from one bend to the next in spirally shaped sorophores. It should be 
noted that sorophores of D. mucoroides, and more particularly of D. pur- 
pureum, are attacked by Schweitzer’s solution much less rapidly than are 
those of D. discoideum; however, in our experience, the sorophore sheath 
in these species is completely dissolved upon exposure for several hours. 
The greater resistance of D. purpurewm and D. mucoroides sorophores to 
dissolution could result from the presence of an outer protective covering 
whose origin was the slime envelope that surrounded the mass of myxa- 
moebae during all but the latter phase of sorocarp formation (Raper 
1941a). 

An interesting phenomenon has been regularly observed in D. discoid- 
eum which may have a bearing here. When mature sorocarps of this spe- 
cies are mounted in Schweitzer’s solution, or in 72% sulfuric acid, the 


cellular content and the upper portion of the sorophore sheath are attacked 
immediately—the basal portion dissolving less rapidly. A very thin, hyaline 
membrane is then evident which separates from the basal portion of the 
sheath (fig. 12D), and persists as a loose mantle completely surrounding 
the sorophore base and standing some distance from it. This mantle is 
presumed to represent the contracted remains of the slime envelope which 


in an early stage of culmination completely surrounded the rising sorogen 
and which was severed at the time spore differentiation. began in the peri- 
pheral area. This delicate and more resistant membrane, possibly mucus in 
nature, extends upward about 4—} the length of the mature sorophore, and 
represents the approximate height at which spores first ripen during cul- 
mination. In its origin, however, it is not a part of the sorophore proper, 
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which is built in the center of the culminating body, but represents instead 
a membrane of external origin that is merely deposited on the outside of 
the sorophore as the sorogen makes its ascent. It should then be comparable 
to and continuous with the slime track deposited by the migrating pseudo- 
plasmodium. Interestingly enough, its behavior in Schweitzer’s solution is 
entirely comparable to that of the slime track (see above). 

The picture in Dictyostelium discoideum appears to be clear and 
straight forward. The sorophore sheath results from the extracellular forma- 
tion and deposition of cellulose, representing a coordinated activity of many 
individual cells, which, however, at all times retain their identity and re- 
main separate from the sheath so constructed. That the sheath represents a 
free and extracellular cellulose wall, or membrane, is clearly evident. This 
is first seen during the early formative stage when neither the cells on the 
inside nor those on the outside show any structural differentiation. It is 
equally evident during culmination when, as the result of special staining 
techniques coupled with slight pressure, the cells of the terminal area can 
be squeezed out revealing an empty hyaline tube which shows no evidence 
of the attachment of cell fragments or membranes. In stained preparations 
of mature stalks the continuous character and uniform thickness of the 
sheath, and its independence of the cells which it surrounds, can be strik- 
ingly demonstrated. When mature sorophores are broken, the sheath may 
be splintered or separated in a manner that conclusively demonstrates its 
continuous character, again revealing no evidence of cellular attachments 
(fig. 11). In some atypical structures the sorophore sheath is continuous 
over areas where the constituent cells show no evidence of differentiation 
other than limited cell enlargement. Finally, in the dissolution of the soro- 
phore the thinner cellulose walls of individual cells dissolve first, followed 
by dissolution of the sorophore sheath from its terminus downward so that 
eventually the remains of the individual cells comprising the stalk and 
basal disk are set free and drift apart, completely obliterating all evidence 
of the size and form of the original sorophore. 

At no stage in its developmental cycle does the slime mold Dictyostelium 
represent a true metaphyte—yet in its fruiting phase it exhibits many of 
the characteristics of multicellular forms. By the close integration and co- 
ordination of thousands of individual cells it produces a functioning organ- 
ization capable of exhibiting unit responses to various external stimuli. 
By the continued intimate and regulated association of its constituent cells, 
this organization succeeds in building a unit fruiting structure of specific 
pattern and proportions. This it does by a sharp division of labor within 
its population to yield both reproductive cells and supportive ‘‘tissue,’’ the 
latter arising as a result of the extracellular formation of cellulose and its 
deposition within a critical plane, thus fashioning a form, or mold, within 
which final cellular differentiation is accomplished. 
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Dictyostelium is obviously off the main stream of evolution, and it is 
hardly probable that it represents a transitional stage between unicellular 


and multicellular organisms as these groups are understood today. However, 


it may well represent a very early attempt in the direction of multicellular 
organization. If such be the case, is it not possible that continued study of 
these organisms may in time yield basic information regarding fundamental 
cellular interrelationships upon which the growth and functioning of all 
higher types depend ? 


SUMMARY 


1. Sorocarps, or fruiting structures, in Dictyostelium are formed by 
the orderly differentiation of large numbers of separate but clearly coordi- 
nated amoeboid cells, or myxamoebae. 

2. The sorophore, or stalk, consists of an outer sheath of cellulose sur- 
rounding a column of closely compacted, strongly vacuolated, pith-like 
cells. The sheath appears in advance of obvious cell differentiation and is 
formed by the extracellular deposition of cellulose in a critical circular zone, 
the dimensions of which are proportional to the mass of cooperating myxa- 
moebae. 

3. The principal force responsible for lifting the sorogen, or sporo- 
genous mass, into the air results from the swelling of stalk cells entrapped 
in the elongating sorophore sheath; a second and progressively diminishing 
force results from the coordinated pseudopodial movements of the myxa- 
moebae that comprise the sorogen. 

Tests which indicate that the sorophore sheath (of extracellular origin) 
is cellulosic in character include: staining reactions, solubilities, birefring- 
ence in polarized light, X-ray diffracton pattern, paper chromatography of 
hydrolysis products, and decomposition by cellulose-destroying bacteria. 
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DEVELOPMENTAL RELATIONSHIPS OF THE 
INTERNODES OF MAIZE 


CHARLES HermMscH AND HELEN J. STAFFORD 


The growth of maize is characterized by an early ‘‘formative period’’ 
during which the development of all structures is initiated (Hershey 1934, 
Martin and Hershey 1935). While the number of structures, such as leaves 
and internodes, is determined during the early formative period, final size 
relationships of these structures are determined chiefly during the sueceed- 
ing enlargement phase of growth. 

Size relationships of internodes based on differences in internode length 
among certain varieties of maize have been discussed by Brown and An- 
derson (1948) and Anderson (1949). These authors have shown that the 
internode pattern of southern dent varieties is typified by successively 
longer internodes from the stem base to the level at which ears are borne 
and, above the ears, by progressively shorter internodes. In contrast, north- 
ern flint varieties show an increase in the length of successive internodes 
from the stem base to the tassel (Brown and Anderson 1947). These two 
patterns represent the extremes found among American inbreds. Many 
varieties, for example, most yellow dents of the corn belt, show various re- 
combinations of these two patterns. 

The development of an internode in a maize plant is related to the de- 
velopment of the leaf above the internode. According to Sharman (1942) 
there is first a wave of meristematic activity and later a wave of elongation 
which passes from the leaf blade to the leaf sheath to the internode below. 
As expressed in his figure 22, elongation of an internode does not begin until 
after elongation of the leaf sheath is completed. Sharman (1942) and Esau 
(1943) have shown that the differentiation of metaxylem and metaphloem 
progresses in a similar manner from the leaf blade to the sheath to the in- 
ternode. 

A previous study of maize plants at different stages of maturity 
(Heimsch, Rabideau and Whaley 1950) indicated that the developmental 
relationships, as described by Sharman, did not apply to the leaves and 
internodes of the upper stem regions. Elongation of the upper leaves was 
not complete when major extension of the subtending internodes occurred. 
The data of the present study provide further information on the develop- 
ment of upper leaves and internodes and indicate certain developmental 
aspects of the internode pattern. 
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Materials and methods. Plants for this study were grown in the green- 
house from seeds of University of Texas inbred line number 859. The original 
seeds of the line were furnished by the Texas Agricultural Experiment 
Station, College Station, Texas. Seeds were planted in sand contained in 
individual pots, and the seedlings transferred to nutrient solutions con- 
tained in glazed one-gallon crocks. Culture solutions were aerated from a 
standing air line. Under these conditions the plants produced well-developed 
ears and tassels. 

Beginning on the 44th day after germination samples were taken at 
regular intervals. For each sample three apparently comparable plants 
were selected; the last sample on the 91st day consisted of only a single 
plant. Morphological data were obtained from the separate parts of dis- 
sected plants. After removing all except the shortest leaves from the stems, 
the lengths of the leaf blades, leaf sheaths, and internodes were determined. 
Internodes and leaves were numbered beginning with those above the cole- 
optile, thus a leaf and the internode immediately below are designated by 
the same number. 


In spite of attempts to select three plants of comparable development at 
each sampling the effects of variation were not completely eliminated. In 
no case, however, was the variation extreme, and it did not affect the general 


trends in the data. Besides differences in the lengths of leaves and inter- 
nodes, there were differences in the number of internodes formed. 

Results and discussion. Internode length. Figure 1 illustrates the in- 
ternode length pattern of plants at different stages of maturity. Each graph 
represents the internode length averages of the three plants sampled; the 
curve for the 91st day, however, is based upon data from only a single plant. 
In general, progressively older plants showed a rather consistent length 
increase in the upper internodes, which may be taken as an indication that 
the plants selected at each sampling were fairly typical in their develop- 
ment. 

Although the average length values for the upper internodes of the 84- 
day old plants are intermediate between those 77 and 91 days old, the length 
values for internodes 8, 9, and 10 in the 84-day old plants vary markedly 
from what appears to be the general trend in internode length. The greater 
average length of internodes 8 and 9 in the 84-day old plants is referable 
to the fact that these internodes were exceptionally long in one of the three 
plants. This plant also possessed two fewer internodes than the others. In- 
ternode 10 in all 84-day old plants was slightly longer than the longest inter- 
nodes (numbers 11-15) of the 91-day old plant. 

Since only one plant was available at the 91-day sampling, it was not 
possible to determine whether the internode values from the single plant 
were in any respect low. If they were low the values at 84 days would not 
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appear as unusually high. The greater length of internodes 8 and 9 in the 
84-day old plant with fewer internodes may indicate that when fewer in- 
ternodes are differentiated in a plant there is a greater elongation of certain 
internodes. A study of the significance of variation in the length of a specifi¢ 
internode is highly desirable, but such would require sampling of many 
more plants than were available in the present study. It has been suggested 
(Whaley, Heimsch and Rabideau 1950) that internode length may be in- 
fluenced by relatively minor environmental factors. A thorough analysis of 
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Fig. 1. Average lengths of internodes in plants of different ages. 


internode length variation under different environmental conditions would 
provide a basis for testing experimentally the validity of this suggestion. 

The internode pattern for the mature plant at 91 days is not identical 
with either that described for southern dent varieties or that of northern 
flint varieties (Brown and Anderson 1948, Anderson 1949). The pattern 
resembles that of northern flint plants in showing no shortening of the 
internodes in the region of the ear, and that of southern dents in showing a 
sharp drop in internode length above the ear. 

It is apparent from a comparison of the graphs for 84- and 91-day old 
plants (fig. 1) that the characteristics of the mature internode pattern 
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were not established until the last stages of growth. During this period 
most of the elongation of internodes 12—18 took place. This agrees with the 
results of earlier studies (Heimsch, Rabideau and Whaley 1950, Whaley, 
Heimsch and Rabideau 1950) in which it was found that the mature inter- 
node pattern of two maize inbreds and their hybrid was not apparent until 
a late stage of development. The internode patterns of these inbreds and the 
hybrid were generally similar to that of the inbred used in the present 
study, intermediate between that of northern flint and southern dent va- 
rieties. 

The fact that the mature internode length pattern in these lines is not 
apparent until elongation of the upper internodes is completed may be in- 
terpreted as evidence that factors which control internode elongation are 


TABLE 1. Average length in centimeters of leaf blades in plants of different ages 
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probably the dominant factors in determining the characteristics of the 
mature internode pattern. Developmental differences related to internode 
elongation may account for the contrasting internode patterns in northern 
dent and southern flint varieties. Greater length of the upper internodes in 
northern flint types could result from either a greater degree of cellular 
elongation, a greater degree of meristematic activity which produces more 
cells prior to elongation, or a combination of these conditions. Further 
morphological and anatomical studies of these maize types are desirable in 
order to determine the extent to which different internode patterns are re- 
lated to different growth patterns. 

Leaf blade length. According to Sharman (1942) the major phase of 
internode elongation does not take place until after the elongation of the 
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blade and sheath of the leaf above the internode is completed. The average 
values for leaf blade length are given in Table 1. By comparing the time of 
elongation of leaf blades and internodes, particularly in the upper stem 
region, it is seen that elongation of leaf blades was completed before that of 
the internodes. The major elongation of internodes 12—18 occurred between 
84 and 91 days. With allowance for variation it can be seen from Table 1 
that blade elongation in these leaves was largely completed by 84 days— 
before 77 days in leaves 12 and 13 and before 84 days in leaves 14-18. 
Leaf sheath length. The data on average leaf sheath lengths are pre- 
sented in Table 2. If the values for sheath length in leaves 3—11 are com- 
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TABLE 2. Average length in centimeters of leaf sheaths in plants of different ages 
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pared with the graphs of Figure 1 it is clear that in these leaves maximum 
sheath length was attained before internode elongation began. In these re- 
spects the data agree with the results of Sharman (1942). To be specific, the 
sheath of leaf 8 was at maximum Jength by 57 days and most elongation of 
internode 8 took place between 63 and 77 days, possibly extending to 84 
days. The sheath of leaf 11 completed most elongation by 70 days, but the 
major elongation of the internode was found to occur between 77 and 84 
days. These data do not permit, however, a similar conclusion with respect 
to the elongation of sheaths of leaves 14-18 and their corresponding inter- 
nodes, nor to some extent leaves and internodes 12—13. Therefore, the data 
are not in complete agreement with the conclusion of Sharman. At 77 days 
the sheaths of leaves 12-18 were still elongating and at this stage of develop- 
ment the elongation of corresponding internodes was slight. For these 
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leaves, particularly 14-18, the period of sheath elongation coincided with 
that of the elongation of corresponding internodes. 

The conclusions of Sharman were based upon a study of immature plants 
which were in a stage of relatively rapid vegetative growth, and his data do 
not indicate that he considered developmental relationships of the internodes 
as the plants approached maturity. It may be expected that the develop- 
mental relationships in the upper internodes would differ from those in the 
lower internodes on the basis of the overall development of a maize plant as 
described by Hershey (1934) and by Martin and Hershey (1935). At a 
relatively early stage primordia of all vegetative organs are present and 
tassel formation is initiated. Further growth would then involve more or 
less localized meristematic activity followed by elongation in the leaves and 
internodes. The wave of elongation which passes upward from the base of a 
plant appears to involve the upper internodes as a unit after these structures 
pass through a prolonged period of meristematic activity. Differences in the 
developmental relationships of the leaves and internodes between the upper 
and lower portions of maize plants should presumably be reflected in the 
differentiation of vascular tissue. It would be of interest to determine the 
extent to which vascular differentiation in the upper leaves and internodes 
might deviate from the pattern described by Sharman (1942) and Esau 
(1943). 

SUMMARY 


1. The development of the internode pattern was studied in an inbred 
line of maize characterized by a pattern intermediate between that of north- 
ern flint and southern dent varieties. 

2. The characteristic internode pattern was not apparent until late in 
development, after elongation of the upper internodes was completed. This 
is interpreted to indicate that factors which control internode elongation 
are probably the dominant factors in determining the characteristics of the 
internode pattern. 

3. Blade elongation in any leaf was completed in advance of the elonga- 
tion of the internode below the leaf. 

4. Leaf sheath elongation was also completed in advance of the elonga- 
tion of corresponding internodes, but only in the lower portion of the plant. 
In the upper portion of the plant elongation of a leaf sheath and the cor- 
responding internode occurred simultaneously. 

5. The differences in the developmental relationships of leaf, leaf sheath 
and internode in upper and lower parts of the plant are discussed in terms 
of the overall growth pattern of maize. 

THE PLANT ResearcH INstiTuTE, THE UNIVERSITY OF TEXAS 

AND 
THE CLAYTON FOUNDATION FOR RESEARCH 
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THE GROWTH OF EXCISED IMMATURE SEDGE EMBRYOS 
IN CULTURE’ 


Appison E. LEE 


The culture of excised plant embryos has been utilized by a number of 
workers as a method of investigating problems in development, reproduc- 
tion, nutrition and genetics. A wide variety of such embryos of dicotyledon- 
ous plants have been cultured. The culture of monocotyledonous plant 
embryos has been largely limited to a few examples among the grasses and 
lilies. The latter include Avena, Zea, Panicum, Vallota (La Rue, 1936) ; 
Zizania (La Rue and Avery, 1938) ; Hordeum (Merry 1942, and Kent and 
Brink 1947). Also, successful cultures have been reported of excised em- 
bryos from Lillium (Skirm 1942), Iris (Randolph 1945), and certain or- 
chids (Bahme 1949). 

The present investigation was undertaken to determine whether excised 
immature embryos of sedges could also be successfully cultured and to 
evaluate, in a preliminary manner, the effects of kinds and concentrations 
of sugar on the early stages of their development. 

Materials and methods. Fruiting structures of Carex lurida Wahl., C. 
stipata Muhl. and C. scoparia Schk., were collected from the banks of a 
fresh water pond near Salsbury Cove, Mt. Desert Island, Maine. The 
achenes were removed from the perigynia and, using sterile instruments but 
without external sterilization of the achenes, the embryos were squeezed 
from the surrounding endosperms. It was found that the embryos could be 
removed most readily at the stage where the endosperms were of a gummy 
or mealy consistency. The embryos varied in size at this stage from 0.2 to 
0.3 mm. in length for C. scoparia and 0.3 to 0.4 mm. in length for C. stipata 
to 0.5 to0.7 mm. in length for C. lwrida. 

The most successful culture arrangement found involved growing the 
embryos in small glass rings (Raschig rings) mounted with rubber cement 
on ordinary microscope slides. A small amount of the culture medium was 
introduced aseptically into the ring which was then covered with a sterile 
cover slip held in place with petrolatum. After 10 to 16 days the embryos 
had grown too large for these containers and were transferred to test tubes. 

The culture medium used was that developed by White (1943). It con- 
tained inorganic salts, sugar, glycine, thiamine, niacin and pyridoxine. 
One per cent washed shredded agar was added to solidify the medium. In 

1 These experiments were carried out at the Mt. Desert Island Biological Laboratory, 
Salsbury Cove, Me. in the summer of 1947. The author is indebted to Dr. Philip R. 


White for his interest and encouragement during the course of the investigations. 
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all preliminary experiments, two per cent sucrose was used. Each set of 
cultures contained 12 embryos. The cultures were left at room temperature. 

Results and discussion. During the first day after excision the bell- 
shaped embryos swelled and the region of widest diameter became darker in 
color. By the second day growth of the shoot and root from the region of 
the narrow diameter was observed. During the first four to six days both 
the shoot and root had about the same rate of growth. During the next few 
days the shoot increased more rapidly than the root. Chlorophyll was usually 
evident after the third to fifth day. Roots showed geotropic responses much 
earlier than did shoots. The root tip had usually broken through the cole- 
orhiza by the fifth day and the shoot tip had emerged from the coleoptile 
by the seventh day. The cultures continued to grow and develop during the 
entire period observed. The seedlings developed therefrom were, however, 
weaker and smaller than those growing under natural conditions. Kent and 
Brink (1947), as well as others, have likewise observed that plants grown 
from excised embryos are smaller and weaker than those obtained from ma- 
ture seed. They have suggested that the weakness of such plants is a result 
of a lack of some particular factor or substance necessary to bring about the 
development characteristic of a mature embryo. They report that casein 
hydrolysate or autoclaved tomato juice filtrate added to the medium brings 
about a marked improvement in the growth of such embryos. The present 
studies provide no information as to whether the limiting factors causing 
weaker and smaller seedlings are an absence of some essential condition 
or substance which would be present in a seedling grown from a mature 
seed or whether they are defects in physical factors such as light, tempera- 
ture and oxygen supply characteristic of the culture process. 

In separate experiments cultures of C. lurida were made in media which 
contained, respectively ; sucrose, dextrose, levulose, maltose and lactose as 
a sugar supplement, at 0.6 per cent concentration and at 2 per cent con- 
centration. None of the embryos made successful growth in any of the 
media with 0.6 per cent concentration of these sugars. At a2 per cent con- 
centration successful growth of the embryos was observed in the media con- 
taining either sucrose or dextrose and some growth was observed in the 
medium containing levulose. Growth was about the same in either the sucrose 
or dextrose medium. The embryos showed no measurable development in 
the medium containing either maltose or lactose. 

Table 1 gives the results of another experiment in which the average 
growth in length of C. lurida embryo shoots and roots was determined in 
media containing various concentrations of sucrose. During the first 16 
days the shoots reached 16 mm. in 2 per cent sucrose and 14 mm. in 6 per 


cent sucrose. This difference in growth was not statistically significant on 
the basis of standard errors. The growth in each of these media is, however, 
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significantly different from the growth in the medium containing 0.6 per 


cent sucrose. Shoots of embryos in the medium containing 0.6 per cent 
sucrose reached slightly more than 3 mm. in length in 16 days while in 0.2 
per cent sucrose medium they reached only 0.4 mm. This is not a statistically 
significant difference. The same pattern of significant growth differences in 
the different media was also observed at the end of a 60 day period at which 
time the shoots had attained a length of 52.6 mm. in 6 per cent sucrose, 
42.1 mm. in 2 per cent sucrose, 5.1 mm. in 0.6 per cent sucrose and 0.5 mm. 
in 0.2 per cent sucrose. The embryos did not grow on a medium supplemented 
with 0.06 per cent sucrose. The roots of these plants showed the same relative 
increments with respect to the different concentrations of sucrose as did the 
shoots although the total growth in length was less. It was impossible to 
measure the growth in length of the roots at the end of the 60-day period 
because of the great number of roots which had been formed by this time. 


SUMMARY 


1. Excised embryos of C. lurida, C. stipata, and C. scoparia were grown 
in culture using White’s standard nutrient solution. All these species showed 
satisfactory growth and development. 

2. In separate experiments excised embryos of C. lurida were grown in 
culture using White’s standard nutrient solution with maltose, lactose, dex- 
trose, levulose and sucrose at 2 per cent concentrations and also in concen- 
trations of 6, 2, 0.6, 0.2, and 0.06 per cent sucrose. 

3. Best growth of both shoots and roots was obtained in the sucrose 
medium and in the dextrose medium. Maltose and lactose did not support 
growth. 

4. In studies of the effects of the concentration of sucrose best growth of 
both shoots and roots was obtained in the 6 per cent and 2 per cent media. 

THE PLANT ResEARCH INSTITUTE, UNIVERSITY OF TEXAS 

AND 
THE CLAYTON FOUNDATION FOR RESEARCH 
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STUDIES IN THE FAMILY OROBANCHACEAE. ITI. 
A CONTRIBUTION TO THE EMBRYOLOGY 
OF AEGINETIA INDICA LINN. 


B. Traai 


Aeginetia indica is a small purplish parasite of the family Orobancha- 
ceae, occurring on the roots of grasses and some other plants. The tuberous 
rhizome, which is attached to the host root, gives rise to numerous adventi- 
tious roots and several slender erect scapes with a few scale leaves at the 
base and a single terminal reflexed flower (fig. 1). The adventitious roots 
are a very efficient means for the vegetative multiplication of the parasite 
which causes considerable damage to the sugar-cane crop in some countries 
(Kusano 1908, Juliano 1935). 

The literature on the family Orobanchaceae has already been reviewed 
in my paper on Cistanche (Tiagi 1951). Concerning Aeginetia indica, 
Kusano (1908) studied its morphology, anatomy and biology. A more re- 
cent work is that of Juliano (1935) but while his account of the morphology 
of the vegetative organs is very exhaustive, his investigation of the repro- 
ductive organs is meagre and suffers from several inaccuracies. It was 
therefore suggested by Prof. Maheshwari that I should make a thorough 
study of the embryology of this plant. 

Material and methods. There are two species of Aeginetia, A. indica 
and A. pedunculata, occurring in India. Outside India this genus is found 
in Burma, Java, Japan, China and the Philippine islands (Hooker 1875). 
At Dehradun, from where the material for this study was collected, A. 
indica makes its appearance in the rainy season and continues to grow till 
October after which it dries up and sheds its seeds. 

The usual methods were employed in preparing the material and these 
have already been described (Tiagi 1951). 

Organogeny. The floral parts arise in acropetal succession: sepal, petals, 
stamens and carpels (Juliano 1935, Srivastava 1939). The calyx grows in 
the form of a spathaceous structure which is pierced on one side by the 
corolla tube (figs. 2-4). The stamens are epipetalous and the two carpels 
fuse to form the ovary, style, and stigma. The inner surface of the carpels 
differentiates into the two placentae each of which bifurcates into two. 
Some of the floral buds situated at the base of the scape remain stunted and 
become shrivelled and collapsed. 

Flower. The corolla is inconspicuously bilabiate and has five violet- 
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bearing adventitious roots. Figs. 2-4. Flowers at different stages of growth. 
L. 8. of flower. Fic. 6. T. S. of ovary showing the lobed parietal placentae. 
L. 8. eapitate gland. 


6 


ies. 1-7. Fic. 1. External features of Aeginetia indica: note tuberous rhizome 


Fie. 5. 
Fia. 7. 
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coloured segments, which are rounded at the tips and somewhat reflexed. 
The stamens are didynamous, and the two posterior stamens are spurred. 
The ovary has a long style which is curved below the broad, glandular and 
bilobed stigma (fig. 5). There are four much lobed placentae which later 
become membranous and bear numerous anatropous ovules (fig. 6). The 
sepals, petals, and stamens are studded with glands (fig. 7) which secrete 
a thick mucilage which almost fills the corolla tube and causes the anthers 
to become more or less coherent. The fruit is a beaked and ovoid capsule 
about one inch in length. Dehiscence takes place by the flaking off of the 
ovary wall. 

Microsporogenesis. The young anther consists of homogenous cells and 
is triangular in cross section, but it very soon becomes two-lobed on one 
side (fig. 8). The archesporium is hypodermal but is less conspicuous than 
in most angiosperms. It forms two crescent shaped bands while a massive 
columella-like structure forms the central portion of the anther. In Cis- 
tanche and Orobanche also the archesporium is crescent-shaped but the 
anther is quadrilocular. 

The outermost cells of the archesporium cut off the primary parietal 
layer which further divides to produce the endothecium, two middle layers 
and tapetum (figs. 9-11). At places more than two middle layers may be 
seen. It is only after the differentiation of the wall layers that the sporog- 
enous tissue becomes prominent. When the microspore mother cells are 
in synizesis the inner of the middle layers becomes flattened and crushed. 
In the mature anther the walls of the epidermal cells become slightly ligni- 
fied. The endothecium and sometimes also the epidermis and outer middle 
layer, show well developed spiral thickenings (fig. 24). 

The innermost parietal layer, which is in contact with the sporogenous 
tissue, functions as the tapetum. On the side towards the connective the 
tapetum seems to be derived from the sporogenous cells. Its cells are 
radially elongated and have dense cytoplasm and prominent nuclei. At the 
mother cell stage they become vacuolate and bi- or even tri-nucleate (fig. 
11). During microspore formation the separating walls of the tapetal cells 
break down and they become confluent. Only traces of the tapetum are 
present at the microspore stage. At maturity the two loculi become con- 
tinuous and the anther becomes unilocular. As in Cistanche the wall con- 
sists of three layers: the epidermis, endothecium, and outer middle layer. 
In later stages the outer middle layer also disintegrates and disappears. 

As the microspore mother cells enter into the meiotic prophase, the 
nucleus increases in size and a loose tangle of chromatin threads appears 
in which the nucleolus is still quite distinct. Next, the mother cells enter 
into the synizesis stage, in which the chromatin threads shrink to form a 
knot lying on one side of the nuclear membrane. The bivalent chromosomes 
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then arrange themselves on the equator (fig. 12). No wall is formed after 
the division (fig. 13) but following a short interval of interkinesis the two 
nuclei enter into the second meiotic division (fig. 14). The spindles may be 
parallel so as to produce an isobilateral tetrad (figs. 15, 19), or at right 
angles to each other resulting in a tetrahedral tetrad (figs. 14, 16, 17). 
Sometimes decussate tetrads are also formed (fig. 18). Secondary spindles 
soon interconnect the four nuclei of the tetrad (fig. 16). 

Cytokinesis takes place by furrowing (fig. 16). The original wall of the 
microspore mother cell remains intact throughout the whole process of 
meiosis. A special wall, mucilaginous in nature, is secreted by the proto- 
plast inside the original wall. Four equidistant peripheral furrows grow 
inwards, ultimately meeting in the centre and dividing the protoplast into 
four parts. A similar type of division has been described in Lathraea (Gates 
1925). The microspores are liberated by the disintegration of the wall of 
the spore mother cells and the dissolution of the mucilaginous coat which 
surrounds the young tetrad. 

Male gametophyte. The microspore is filled with dense protoplasm and 
has a large central nucleus. The pollen grain is three-furrowed (fig. 20). 
As it increases in size, its protoplasm becomes vacuolate and the nucleus 
is displaced towards the periphery (fig. 21), where it divides to give rise 
to the generative and the tube cells. The lenticular generative cell soon 
moves in and takes up a more central position (fig. 22). Its nucleus stains 
more deeply than that of the vegetative cell. In some preparations the pol- 
len grains remained coherent and had become angular by mutual pressure 
(fig. 23). 

Ovule. The ovules are extremely minute and develop on the lamellate 
branched placentae as blunt and crowded protuberances. They are ana- 
tropous, tenuinucellate and unitegmic (figs. 25-29). The integument con- 
sists of two to three layers of cells. One ovule showed two nucelli, each with 
a single mother cell (fig. 30). 

The nuclei of the nucellar epidermis are large and almost completely 





Figs. 8-24. Fig. 8. T. 8. of flower bud, showing the four anthers and young ovary. 
Fig. 9. T. 8S. part of anther showing differentiation of parietal layers and sporogenous 
tissue. Fig. 10. Older stage showing sporogenous tissue and three wall layers. Fi. 11. 
T. 8. anther lobe showing microspore mother cells in synizesis. The tapetal cells have be- 
come bi- and trinucleate. Fie. 12. Microspore mother cell in metaphase. Note massive 
special mother cell wall in Figs. 12-19. Fie. 13. End of Meiosis I. Fie. 14. End of 
Meiosis II. Fie. 15. Second meiotic division with spindles arranged parallel to each 
other. Fig. 16. Tetrahedral tetrads. Note quadripartition by furrowing. Fie. 17. Tetra- 
hedral tetrad. Fic. 18. Decussate tetrad. Fie. 19. Isobilateral tetrad. Fie. 20. Micro- 
spore showing three furrows. Fie. 21. Same, older stage. Fie. 22. Two-celled pollen 
grain. Fig. 23. Pollen grains which have failed to round up and become angular by 
mutual pressure. Fic. 24. Wall of mature anther showing spiral thickenings in the epi- 
dermis, endothecium and outer middle layer. 
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fill the cells. During megasporogenesis the nucellus disintegrates and only 
minute traces of it may be seen around the developing embryo sac. 


The inner layer of the integument forms a weakly developed integu- 
mentary tapetum. Unlike other plants of the order Tubiflorales, its cells 
are not glandular and do not differ appreciably from other integumentary 
cells. 

Megasporogenesis. There is a single hypodermal archesporial cell (fig. 
31) which becomes the megaspore mother cell (fig. 32). At the conclusion 
of the first meiotic division two dyad cells are produced (fig. 33), both of 
which divide simultaneously to give rise to a linear tetrad of megaspores 
which has a slightly curved outline (fig. 35). Quite commonly T-shaped 


tetrads are also produced (figs. 34, 36). Sometimes a linear row of three 
cells is formed the uppermost of which is an undivided dyad cell (figs. 37, 
38). 

Embryo sac. The chalazal megaspore gives rise to the embryo sac while 
the three micropylar megaspores disintegrate and become absorbed (figs. 
36, 39). The mature embryo sac is monosporie and eight-nucleate and its 
development conforms to the ‘‘Polygonum’’ type of Maheshwari (1950) 
(figs. 40-44). The chalazal end of the embryo sae is narrow and may be 
slightly curved in the part where the antipodals are lodged. The synergids 
are pyriform in shape with a prominent hook and a large basal vacuole 
(fig. 43). They begin to show signs of degeneration at the time the primary 
endosperm nucleus is about to divide (fig. 45). The egg shows a large 
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vacuole in its upper part and a smaller one in its lower. The two polar 
nuclei usually fuse just below the egg apparatus to give rise to a large 
ovoid secondary nucleus with a prominent nucleolus (fig. 43). The antip- 
odal cells are rounded or angular and are either arranged in a linear row 
(fig. 45) or two of them lie side by side and the third lies above (fig. 43) or 
below them (fig. 44). Their nuclei are poor in chromatin and the cells be- 
come vacuolate, but they remain recognisable for a long time after fertiliza- 
tion.’ In many ovules of Orobanche hederae Glisié (1929) observed a pro- 
trusion of the broad micropylar portion of the embryo sac into the cavity 
of the ovary. This was, however, true only of such embryo sacs which re- 
mained unfertilised and whose cytoplasm and nuclei were in a state of 
degeneration. In Cistanche and Aeginetia I never observed any appreciable 
protrusion of the embryo sac into the ovary cavity. There is only a slight 
protrusion into the micropyle which takes place after the disintegration of 
the nucellus. 

Pollination and fertilization. Since the flowers are bent downwards and 
the stigma and the anthers are situated at about the same level, self pollina- 
tion seems to be highly probable. The pollen tube usually destroys one of 
the synergids. The micropylar part of the embryo sac shows at this stage 
a few densely staining X-bodies. Both syngamy and triple fusion take 
place more or less simultaneously. 

Endosperm. The endosperm is of the cellular type as in all other 
Orobanchaceae. The embryo sae enlarges after fertilization, and shows at 
this stage the fertilised egg, the degenerating synergids, a large primary 
endosperm nucleus and the three antipodal cells (fig. 45). The first division 
of the primary endosperm nucleus is followed by a transverse wall result- 
ing in the formation of a micropylar and a chalazal chamber (figs. 46, 47) 
(Brunella type of Schnarf, 1929), Cassera (1935) and Srivastava (1939) 
state that in Orobanche the first division of the micropylar chamber is longi- 
tudinal and the second is transverse but sometimes the order is reversed. 
GliSié (1929) believes that the first wall in the micropylar chamber is always 
longitudinal but is overlooked when it lies in the plane of the section. My 
studies on Cistanche and Aeginetia confirm GliSié’s view (figs. 46-49). A 
transverse division of the micropylar chamber, if it occurs at all, must be 
considered as an abnormality. The primary chalazal chamber does not 
divide further and directly functions as a weak chalazal haustorium (figs. 
47, 54). The integumentary cells, surrounding the chalazal haustorium 
become much enlarged and vacuolate and their nuclei are hypertrophied. 
In later stages these cells press upon the chalazal haustorium which is 
squeezed to a very narrow canal (fig. 58). The disintegrated remains of 


1 This is also the case in the other members of the family except Orobanche minor 
in which Carter (1928) reports that the antipodals degenerate long before fertilization. 
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its nucleus and of the antipodal cells may be seen in it. The two daughter 
cells of the micropylar chamber divide transversely (fig. 50) to cut off a 
micropylar haustorium consisting of two cells, which enlarge upwards and 
surround the egg (figs. 51, 52). Each contains a prominent hypertrophied 
nucleus. The cells below them divide to form a narrow neck-like isthmus 
region consisting of two parallel elongated cells. Below the isthmus lies 
the broader spindle shaped mass of cells belonging to the endosperm proper 
(fig. 53). The isthmus cells contain dense cytoplasm and large nuclei, sug- 
gesting a state of high metabolic activity. Gli8ié remarks that in consequence 
of their function as conductors of nutritive substances these cells become 
overfed resulting in their disturbed growth and final degeneration. The 
micropylar haustorial cells are very aggressive and give out branched 
hypha-like processes which invade the tissues of the funiculus and integu- 
ment, and may come out of the latter (figs. 56, 57). They have dense cyto- 
plasm and hypertrophied nuclei. The nucleus passes out into one of the 
branches, or it fragments and a portion remains behind in the vesicular 
haustorial cells. In Cistanche the haustoria are prominent structures but 
they neither come out of the integument, nor form any extra-micropylar 
outgrowths. In the seed the micropylar haustorium as well as the isthmus 
disappear and only a narrow canal is seen at this end similar to one at the 
chalazal end. 

At this stage the integumentary cells surrounding the endosperm proper 
become greatly enlarged and vacuolate and show a prominent nucleus (figs. 
53, 55). These cells probably serve to transport food material from the 
integument to the endosperm. With further growth of the endosperm and 
embryo they become crushed and disorganised. 

Embryo. The oospore elongates considerably and divides transversely 
to give rise to two cells (figs. 61-63). The next division which is also trans- 
verse may take place in the upper (figs. 65, 67) or in the lower cell (figs. 
64, 70) resulting in a filamentous proembryo of four cells (fig. 71). Rarely 
the terminal cell divides vertically to produce a T-shaped proembryo (figs. 
66, 68, 69) as described by Crété (1942) in Orobanche. The three terminal 
cells take part in the formation of the embryo. The single basal cell which 











Figs. 30-44. Fig. 30. L. 8. ovule showing two nueelli, each with a megaspore mother 
cell. Fig. 31. L. S. nucellus showing archesporial cell. Fic. 32. Megaspore mother cell. 
Fic. 33. Megaspore mother cell at close of Meiosis I. Fic. 34. Meiosis II; the two 
spindles lie at right angles to each other. Fie. 35. Linear tetrad of megaspores. Fic. 
36. T-shaped tetrad with upper three megaspores degenerated. Fic. 37. Lower dyad cell 
dividing; upper undivided. Fic. 38. Row of three cells of which the uppermost is an 
undivided dyad cell. Fie. 39. Degeneration of the two middle megaspores of the tetrad. 
Fias. 40, 41. Two- and four-nucleate embryo sacs. Note degeneration of cells of nucellar 
epidermis. Fic. 42. Third division of nuclei of the embryo sac. Fic. 43. Eight-nucleate 
embryo sae. Note fusion of the polar nuclei and presence of prominent hooks in synergids. 
Fig. 44. Older stage after polar fusion, 
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constitutes the suspensor disintegrates and dies away. Rarely even this cell 
may divide and add one more segment to embryo (fig. 75). The three 
or four cells of the proembryo, thus formed, now divide vertically (figs. 72— 
79). Later divisions are highly variable and produce an ovoid embryo which 
is undifferentiated into radicle, plumule, and cotyledons (figs. 80, 81). The 
mature embryo consists of approximately forty cells which are more or 
less isodiametriec and of a similar size except the cells at the radicular end 
which are usually smaller. 

The seed. The seed is a minute, ovoid, yellowish structure consisting 
of a reticulately thickened testa, one layer of large endosperm eells and 
the embryo. The embryo and the endosperm store oil and starch. The inner 
surfaces of the integument become cutinised. The outer endosperm cells 
also secrete a layer of cutin but this is much thinner. The inner layers of 
the integument are absorbed while the outermost layer which forms the 
testa becomes greatly enlarged and develops spiral thickenings (figs. 59, 
60). In Cistanche and Orobanche the thickenings are laid down so close 
to one another that they become reticulate or even pitted. A very large 
number of seeds are empty which is no doubt due to lack of fertilization. 
Although devoid of an embryo or endosperm these seeds have a normal 
testa with the usual spiral thickenings. The fruit has no definite mechanism 
of dehiscence ; its wall simply flakes off to liberate the seeds. 

Discussion. The above study of Aeginetia indica has revealed certain 
points in which my observations differ from those of Juliano. 

According to Juliano the epidermal layer of the anther remains paren- 
chymatous and the endothecium although thick-walled is ‘‘devoid of 
the rod-shaped thickenings that are often encountered in anthers of many 
angiosperms.’’ In my material, however, the endothecium shows the usual 
spiral thickenings which sometimes extend even to the epidermis and to 
the outer middle layer which frequently persists for a long time. 

Juliano states that ‘‘the nucellus of the megasporange undergoes en- 
largement soon after fertilization’’ and that ‘‘the enlarging endosperm then 
presses the nucellar cells against the massive testa and this nucellus disap- 
pears in the mature seed.’’ This would be very striking, if true, but I am 
quite certain that the single layer of the nucellar cells soon disintegrates 
so that the embryo sac comes in direct contact with the innermost layer of 


Figs. 45-52. Fie. 45. Embryo sae showing the fertilised egg, primary endosperm 
nucleus and antipodals. Fies. 46, 47. First division of primary endosperm nucleus re- 
sulting in the formation of the primary micropylar and primary chalazal chambers. 
Figs. 48, 49. Vertical division of the primary micropylar chamber, chalazal chamber un- 
divided. Fie. 50. The two micropylar cells, dividing transversely; chalazal chamber uni- 
nucleate. Fias. 51, 52. Embryo sae showing a two-celled micropylar haustorium, a one- 
celled chalazal haustorium and two central cells belonging to the endosperm proper. 
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the integument. The enlarging cells thus belong to the integument; they 
are later crushed by the expansion of the endosperm. 

According to Juliano Aeginetia indica differs from other members of the 
Orobanchaceae in having a very poorly developed micropylar haustorium. 
The two cells composing it are said to be devoid of the dense cytoplasm and 
amoeboid nuclei generally found in related plants. He therefore regards 
them as degenerated and non-functional. My observations on the contrary 
show that the micropylar haustorium is a very well developed and aggres- 
sive structure and the two cells composing it give out hypha-like processes 
which invade tissues of the integument and digest their contents. 

The proembryo is usually a four-celled filament. Owing to inadequacy 
of material Juliano was not able to follow closely the sequence of the divi- 
sions of the zygote and suggested that only the terminal cell of the pro- 
embryo gives rise to the embryo, while the subterminal cells form the sus- 
pensor and ultimately disintegrate. I have found, however, that three cells 
of the proembryo take part in the development of the embryo and only the 
basal cell gives rise to the suspensor. 

Acknowledgments. I am grateful to Prof. P. Maheshwari and Dr. B. M. 
Johri of Delhi University for the help rendered by them during the prog- 
ress of this work. To Principal V. V. John and Prof. K. L. Mathur of my 
college I am grateful for providing facilities for the work. 


SUMMARY 


1. Aeginetia indica is a small purplish parasite of the family Orobancha- 
ceae, occurring on the roots of grasses and many other plants. There is an 
erect, slender scape bearing a single flower which hangs downwards. 

2. There are four stamens which are epipetalous and didynamous. The 
anthers are bilocular, but at maturity the two loculi become confluent. The 
archesporium is hypodermal and occurs in the form of two crescent-shaped 
masses. 

3. The anther tapetum is glandular and its cells become bi- or even tri- 





Figs. 53-60. Fie. 53. L. 8. young seed showing two-celled micropylar haustorium, 
elongated oospore, a few endosperm cells, uninucleate chalazal haustorium and persisting 
antipodals. Note the enlarged integumentary cells adjacent to the embryo sac. Fie. 54. 
Uninucleate chalazal haustorium, surrounded by the enlarged integumentary cells. Fie. 
55. T. S. of embryo sac almost similar to that in Fig. 53. Note the large vacuolate integu- 
mentary cells. Fie. 56. L. S. of young seed, showing micropylar haustorial cells with 
intercellular branches and hypertrophied nuclei. Note endosperm and two-celled pro- 
embryo. Fic. 57. L. 8. of somewhat older seed. Note aggressive micropylar haustoria 
with hypha-like branches ramifying in various directions and even coming out of the 
ovule. The chalazal haustorium is reduced to a streak. Fie. 58. The chalazal haustorium 
now reduced to a narrow canal. Fig. 59. L. 8. mature seed showing spirally thickened 
cells of outer layer of integument and cutinised inner wall of integument, one layer of 
endosperm cells, and the ovoid embryo. The micropylar and chalazal haustoria are re- 
duced to mere streaks. Fic. 60. Similar stage in T.S. 





BULLETIN OF THE TORREY BOTANICAL CLUB 


1952] 


nucles 

middl 
4. 

ing. 


5. 
furro 

6. 
tegmi 
ments 

7. 
mothe 
or T-: 

8. 
soon é 

9. 
prime 
weak 
large: 
and t 
This | 
integ’ 
isthm 


small 
lately 
G 





1952] TIAGI: FAMILY OROBANCHACEAE 77 


nucleate. The endothecium, and sometimes even the epidermis and outer 
middle layer show spiral thickenings. 

4. Quadripartition of the microspore mother cell takes place by furrow- 
ing. Tetrahedral, isobilateral, and decussate types of tetrads occur, 

5. The pollen grain is two-celled. The exine is smooth and shows three 
furrows. 

6. The ovules are extremely small, tenuinucellate, anatropous and uni- 
tegmic. The nucellar epidermis degenerates and an inconspicuous integu- 
mentary tapetum is formed from the innermost layer of the integument. 

7. The hypodermal archesporial cell functions directly as the megaspore 
mother cell without cutting off a parietal cell. The megaspores show a linear 
or T-shaped arrangement. 

8. The embryo sac is of the Polygonum type. The synergids disappear 
soon after fertilization. 

9. The endosperm is cellular. The first wall is transverse resulting in a 
primary micropylar and a primary chalazal chamber. The latter forms a 
weak and uninucleate haustorium which is eventually crushed by the en- 
larged integumentary cells. The micropylar chamber divides longitudinally 
and then transversely, so as to cut off a two-celled micropylar haustorium. 
This is very aggressive and sends intercellular hypha-like branches into the 
integument. The middle tier by further divisions gives rise to a narrow 
isthmus region and the endosperm proper. The endosperm cells store 
starch and oil. 

10. There is a four-celled proembryo. The three terminal cells give rise 
to a globose embryo, which is not differentiated into the radicle, plumule 
and the cotyledons. The suspensor cell disintegrates and is unrecognisable 
in later stages. 


11. The seeds are produced in abundance, but many of them are empty 
and devoid of either embryo or endosperm. They are yellowish, extremely 


small and rather powdery in appearance. The cells of the testa are reticu- 
lately thickened. The pericarp flakes off to liberate the seeds. 
GOVERNMENT COLLEGE 
AsMER, INDIA 


Literature Cited 


Cassera, J. D. 1935. Origin and development of the female gametophyte, endosperm and 
embryo in Orobanche uniflora, Bull. Torrey Club. 62: 455-466. 

Carter, K. M. 1928. A contribution to the eytology of Orobanche minor. Jour. Roy. 
Micr. Soc. 48: 389-403. 

Crété, P. 1942. Recherches histologiques et physiologiques sur 1’ embryologie des Labiati- 
florales. Contribution a 1’ étude des formations haustoriales. Dissertation, Uni- 
versity of Paris. 

Gates, R. R. 1925. Pollen tetrad wall formation in Lathraea. Cellule 35; 49-59. 





78 BULLETIN OF THE TORREY BOTANICAL CLUB (VOL. 79 


Glisi¢é, L. M. 1929. Uber die Endosperm und Haustorienbildung bei Orobanche hederae 
Duby. und O. gracilis Sm. Bull. Inst. Jard. Bot. Univ. Belgrade. 2: 106-141, 

Hooker, J. D. 1875. The Flora of British India. London. 

Juliano, J. B. 1935. Anatomy and the morphology of the bunga, Aeginetia indica. Philipp, 
Jour. Sei. 56: 405-451. 

Kusano, 8. 1908. Further studies on Aeginetia indica. Bull. Coll. Agr. Tokyo Imp. Uniy, 
8: 3-20. 

Maheshwari, P. 1950. An introduction to the embryology of Angiosperms. New York, 

Schnarf, K. 1929. Embryologie der Angiospermen. Berlin. 

Srivastava, G. D. 1939. Contribution to the morphology of Orobanche aegyptiaca. Prog, 
Nat. Acad. India. 9: 58-68. 

Tiagi, B. 1951. Studies in the family Orobanchaceae. I. A contribution to the embryology 
of Cistanche tubulosa Wight. (In press). 


T 
genus 
is bri 
filam: 
atten 
Brya 
stipit 
cells 
whic] 
on sa 
using 
Chry 
phos 
Lew: 
versi 
of th 
actus 
Brya 
the t 
that 

v 





BULLETIN OF THE TORREY BOTANICAL OLUB 





Vou. 79, No. 1, p. 79 JANUARY, 1952 





THE ALGAL GENUS CHRYSOPHAEUM 
Wma. RANDOLPH TAYLOR 


The writer recently published as new a description of a Chrysophycean 
genus under the name Chrysophaeum (Taylor 1951). The plant concerned 
is branched and filamentous, forming zoéspores with gelatinization of the 
filaments. The cells usually contain two band-shaped chromatophores. His 
attention has been called to the established genus Chrysophaeum Lewis and 
Bryan (1941) ascribed to the Cryptophyceae, a plant which consists of large 
stipitate subcylindrical cells associated to form gelatinous streamers. These 
cells have numerous small chromatophores and reproduce by aplanospores, 
which in turn form zodspores. Both plants are found in very shallow water 
on sand, rocks or coral reefs, both in Florida and in Bermuda. The error in 
using this preempted name is confusing and regrettable. As a substitute for 
Chrysophaeum Taylor non Lewis and Bryan the writer proposes Chrysone- 
phos nom. nov., and for his type C. Lewistt the necessary Chrysonephos 
Lewisii (Tayl.) comb. nov. Florida material in the herbarium at the Uni- 
versity of Michigan collected by Lewis and referred to in his paper consists 
of three specimens, none designated as the type. That from Bird Key is 
actually Chrysonephos. The others are Chrysophaeum Taylori Lewis and 
Bryan, and since that from south of the Laboratory Wharf, 2 July 1928, is 
the better, we may designate it as the type of the species in preference to 
that from Long Key. 

UNIVERSITY OF MICHIGAN 

ANN ARBor, MICHIGAN 
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The Society of Plant Taxonomists’ Plaque Honoring Erick L. Ekman 


RicHarp A. Howarp 


On Oct. 14, 1950, the Dominican Government, acting through and for the people of 
the Dominican Republic, dedicated a plaque honoring Erik L. Ekman in Ramfis Park in 
the center of the town of Santiago de los Caballeros. This plaque was contributed to 
friends of Erik Ekman who are members of the American Society of Plant Taxonomists, 

Erik Leonard Ekman, perhaps the most outstanding plant explorer and field nat- 
uralist to visit the Caribbean islands, died in the town of Santiago de los Cabelleros on 
January 15, 1931. This Swedish botanist, who dedicated his life to the study of the 
vegetation of Cuba and Hispaniola, was buried in a free tomb in an unmarked grave, 
Casual references to his burial place in the cemetery in Santiago led me to search for his 
grave in 1946. It was only with the help of Mr. William Sutherland of the Compania 
Grenada (United Fruit Company) that the unmarked crypt containing the remains of 
Ekman was located in the Tomb of the Teachers, a free tomb donated by a wealthy 
Santiago resident as the burial place for teachers of the area. It seemed to me a pity that 
a man who contributed significantly during his lifetime to our knowledge of the flora of 
Hispaniola should be so soon forgotten, so in 1947 I requested permission from the 
council of the American Society of Plant Taxonomists to solicit contributions unofficially 
from the members of the society who knew Ekman personally or who valued his con- 
tribution to science, having worked with his collections. This permission was granted by 
the council and sufficient funds were collected to purchase a bronze plaque (fig. 1) honor- 
ing the botanist and a smaller plaque to be placed on his grave. 

The government of the Dominican Republic had previously indicated a willingness 
to cooperate. The ceremony on October 14th, the 67th anniversary of his birth, indicated 
the extent of this cooperation and the feeling of appreciation of the local people who 
all remember Ekman well. Perhaps this cooperation and feeling is best expressed in the 
following words translated freely from a report of the ceremony published in El Caribe 
in Ciudad Trujillo on the 22nd of October, 1950. 


Santiago Honors the Memory of the Botanist E. L. Ekman 


‘*Tn a ceremony conducted with great solemnity, with the assistance of the civilian 
and military authorities, attended by groups from the medical profession, the public and 
private schools, and members of banking firms, commerce and industry, a plaque was 
unveiled in one of the gardens of Ramfis Park to the memory of the illustrious Swedishi 
doctor and taxonomist, Erik L. Ekman, who died in Santiago the 15th of January in 1931, 
at the age of 48 years, after having spent 14 years in constant study of the flora of the 
island. 

‘*The eminent botanist, who arrived for the first time in the island of Hispaniola in 
1917, was forced to return to Cuba because of malaria but returned in 1924 to stay 
forever on Dominican soil. 

‘*To begin the ceremony the municipal band played the Dominican national anthem 
and immediately Sr. Estaban Piola, president of the municipality of Santiago, spoke 
saying, ‘The honorable district of the community of Santiago offers with deepest devo- 
tion this material and spiritual place of dedication in which we will unveil a bronze 
plaque consecrated perpetually to the memory of him who, in indefatigable devotion to 
scientific research, sleeps forever in this city. Santiago de los Cabelleros is proud to 
guard in its soil him who during his years consecrated himself to the study of the Do- 
minican flora.’ 
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Fig, 1. The granite block and the Society’s plaque, bordered by the Swedish and 
Dominican Republic flags in Ramfis Park, Santiago de los Caballeros, Dominican Re- 
public. 


‘* Following his introduction Sr. Piola, accompanied by the authorities and represen- 
tatives present, unveiled the plaque while the band played the Swedish national anthem. 
‘<Dr. José de Jesis Jiménez, a member of the American Society of Plant Taxono- 
mists and designated as its representative in the dedication, then spoke in honor of 
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Ekman. In his discourse Dr. Jiménez said, ‘I wish to say in these few words that this 
posthumous honor is due in a large part to the American botanist Dr. Richard A. Howard, 
Assistant Professor of Botany at Harvard University and a member of this same So- 
ciety, who in a personal letter said, ‘All of us know the contribution that Ekman has 
made to the knowledge cf the botany of Hispaniola. I wish that this small plaque in 
his honor could indicate how much American taxonomic botanists value his contribution,’ 

**In closing Dr. Jiménez said, ‘This plaque, humble as his life but with a grandnesg 
and eloquency, speaks from our hearts and will say to generations of all time that here, 
in our Santiago, lies, glorified by immortality, the most illustrious of all naturalists of 
the Antilles, Dr. Erik L. Ekman,’ and Dr. Jiménez continued, ‘The soft breezes which 
earry from the mountains to his tomb the delicate perfume of all the flowers garlands 
his forehead in glory, and our century-old trees residing in our highest mountains intone 
a grandiose hymn, which accords fully with its harmony the scope of infinity.’ 

**Speaking as a representative of the Secretary of Agriculture, Sr. José Schiffino, 
inspector of forests and curator of botany, affirmed that ‘with the death of Ekman, 
Sweden lost a son and science lost a star, but there came to the Dominican Republic the 
glory and the honor of guarding the resting place of an outstanding naturalist.’ 

**The plaque made of bronze is fixed to a column of granite, which has been in- 
stalled in one corner of Ramfis Park at the edge of the principal street José Trujillo 
Valdez. On this plaque one reads the following inscriptions: ‘En honor del botanieo 
Erik L. Ekman, Estocolmo, octubre 14 de 1883. Santiago, R.D. enero 15 de 1931. Es- 
tudiante eminente de las plantas de la Hispaniola. Erected by members of the American 
Society of Plant Taxonomists’. The column is flanked by the flags of the Dominican 
Republie and Sweden. 

‘*There were present at this ceremony Pedro A. Jorge, governor of the provinee, 
Andrés Julio Monclis, commander of the 4th regiment of the National Army, Rafael 
Brea Mena, colonel of the National Police, Senor Esteban Piola, president of the district, 
Camilo L. Casanova, president of the local division of the Dominican party, Mauricio 
Alvarez, municipal judge, Dr. Alejandro Espaillat Grullén, direetor of the José Maria 
Cabral hospital, Fracisco Antonio Batista Garcia, superintendent of teaching, Ramén 
Gonzalez, social commissioner, Victor J. Castellanos, attorney general of the courts, 
various judicial functionaries, chiefs of the departments of public administration, and 
various representatives of the medical departments and the local schools.’’ 

Dr. Jiménez, a member of the Society of Plant Taxonomists, and Dr. Moya, director 
of the Department of Agriculture, were kind enough to send complete reports and photo- 
graphs of the ceremony and the plaque. It is with deep appreciation, therefore, that I 
acknowledge the cooperation of the Dominican Government and these men in placing the 
Society ’s plaque in honor of Ekman. 

The tropical field work of Erik Ekman began in Argentina, where he was interested 
in grasses and members of the Compositae. He returned from that trip to serve as as- 
sistant in the Riksmuseum in Stockholm. As his interest in tropical floras grew, Ekman 
applied for a fellowship to collect in Brazil. This was awarded but before he could sail, 
Urban, at the Berlin Botanic Garden, suggested to the Swedish Academy that Ekman’s 
efforts could be more profitably utilized in connection with Urban’s interest in the flora 
of Hispaniola. The Academy agreed and Ekman was told to change his plans and to 
visit Hispaniola. Ekman promptly showed his characteristic rebellion to orders by re- 
fusing. A threat was even made to withdraw the fellowship completely before Ekman 
relented. This battle of Ekman against his orders from Europe continued throughout his 
17 years of field work in the Greater Antilles. 

Still of independent spirit Ekman sailed for Hispaniola but stopped first in New 
York, where he visited the New York Botanical Garden Herbarium, and then in Havana. 
It was in Havana in 1914 that Ekman learned of a revolution in Hispaniola and he then 
had the excuse he needed to collect in Cuba and continue his study of the genus Vernonia 
of the Compositae. In 1916, after two years of delay, he was again ordered to Hispaniola. 
By this time his interest in the Cuban vegetation had expanded and in rebellion against 
the orders from Stockholm Ekman finally even refused to open his mail. The Academy 
retaliated by cutting off his funds and then Ekman refused to return his collections to 
Europe. This battle ended when Ekman was given more money with the provision he was 
to collect in Hispaniola en route to Brazil. However the money was sent to the Danish 
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consul with instructions that Ekman’s collections were to be packed and shipped and 
the residue of the funds turned over to Ekman. Finally in 1917 Ekman sailed for Haiti, 
but three months later an attack of malaria forced him to return to Cuba. Exhausted 
physically and financially and without a promise of aid from Europe, Ekman went to 
work on a sugar plantation in Cuba and even considered employment in Guatemala. He 
accumulated a little money and again began to collect the Cuban vegetation. He finally 
agreed to return to Hispaniola and arrived in Haiti in 1917. His orders called for an 
immediate trip to Morne de la Selle in the southern peninsula of the island but, obstinate 
as usual, he visited nearly every other range of hills in Haiti before collecting in the 
La Selle range. He later expressed his regrets for this temperamental action for the 
southern peninsula, especially the Morne de la Selle range, has yielded the gems of the 
Hispaniolan vegetation. In 1928 Ekman concluded his visit to Haiti and traveled east- 
ward to spend the remainder of his life collecting in the Dominican Republic. In this 
short period of three years he managed to visit nearly all of the country and to climb 
most of the difficult mountain ranges. In the spring of 1930 Ekman received instructions 
to end his work in Hispaniola and to accept passage on a boat sailing for Venezuela on 
July 1, 1930. Needless to say, he refused and continued to work in Santo Domingo. 
Finally his numerous attacks of malaria and his general rundown condition made him 
vulnerable to other diseases and he died suddenly from a combined attack of malaria, 
black water fever and pneumonia on Jan. 15, 1931. 

I have had two opportunities in recent years to follow the footsteps of Ekman into 
the remote regions of Hispaniola seeking more material of species originally discovered 
by him. The eulogies translated above truly reflect the feeling of those people of the 
Dominican Republic and Haiti who knew this renowned botanist. It makes little differ- 
ence that Ekman died in 1931. Even today a botanist in the hills of Hispaniola will be 
compared with Ekman by the native people of that region. I know from personal ex- 
perience that it is hard to live up to the work habits, to keep the schedule or to cover 
the terrain that Ekman covered twenty years ago. 

Ekman knew the flora of Hispaniola and Cuba intimately and thoroughly. His col- 
lections contain few of the common, weedy, or widely distributed species. His field notes 
are apt to cite the technical or detailed differences of this plant collected from those of 
previous known species. His contribution to the flora of that area has been compared 
with the thorough, monumental work done by Welwitsch in Angola around 1850. There 
are few geographic localities in the islands of Cuba and Hispaniola that Ekman did not 
visit. His accomplishments as well as his eccentricities remain alive in the memories of 
the people throughout the islands. 

Ekman’s interest in the field was to collect plants. He gave little thought to his own 
personal convenience or comfort. His personal baggage was always kept to a minimum, 
seldom including even a change of clothing. He would not burden himself with a camera 
to record the flora of any location he visited but would depend on someone else to take 
the pictures for him. I have encountered several people who proudly show me copies of 
pictures they took for Ekman. A stalk of bamboo, properly plugged, served as his can- 
teen and his food supply was limited to a few biscuits and tea and sugar mixed from 
which he would brew a hot drink. He depended on the hospitality of the inhabitants of 
any area he visited. He was willing to accept even the poorest of accommodations and 
food to spend some time collecting in a particular area and certainly even today many 
of the areas Ekman visited on foot, carrying his presses, are areas a modern botanist 
would consider carefully from the standpoint of equipment needed before visiting such a 
place. His Spartan but foolhardy field habits certainly account for his physical difficul- 
ties and eventually his death. 

Tales of Ekman’s behavior in the field live on and are still repeated by the edu- 
eated and the peasant. His endurance in the field was phenomenal. His interest in nature 
never lagged. His language in any of the tongues or dialects of the area was cultured 
except for a few times anyone saw him angry and then his vocabulary of profanity, also 
in the local tongue, was equally outstanding. His clothing was that of a field man and 
even when offered other apparel for a special dinner his reply was usually, ‘‘Take me as 
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I am or do without my company.’’ Ekman was well versed in literature, science and the 
arts and apparently was an engaging conversationalist. His knowledge of current affairs 
was maintained by constant reading of the Saturday Evening Post. Yet he could talk 
agriculture or social relations with the lowest peasant to the mutual satisfaction of both 
parties. One Dominican hillside farmer showed me in 1950 the changes Ekman had sug- 
gested in his plantings some 20 years before. 

Perhaps the best known locally of Ekman’s adventures occurred in Haiti where 
Ekman shed his clothes to swim ashore from a small boat to collect plants along the 
beach. Tired of waiting for him to reappear, the oarsmen left word they would meet him 
farther down the beach. To reach this meeting place Ekman had to pass through a small 
town whose surprised inhabitants had probably never before seen a white man. Ekman 
appeared suddenly before them and strode through the village clad only in a dirty cap 
and a week’s growth of beard, carrying a machete in one hand and a bunch of flowers 
in the other, and mad as a hornet. Another Dominican told me of awakening one morning 
to find Ekman sleeping on the front porch, curled up against the front door like a sleeping 
dog. Another reported finding Ekman sleeping under the house in the morning. In spite 
of these oddities of behavior Ekman is remembered and honored today as he was ap- 
preciated 20 years ago for his devotion to his study and his inexhaustible energy in his 
chosen field. 

Ekman ’s contribution to the knowledge of the Caribbean flora is the greatest of any 
single collector. His work covered 17 continuous years in the field and resulted in collee- 
tions of over 35,000 numbers, 19,000 from Cuba and over 16,000 from Hispaniola. His 
collections added 2000 new species to the known flora of the area. At least six new gen- 
era of plants bear his name, and innumerable new species of plants, birds, and snails 
bearing his name, reflect his contribution. His specimens will form the basis of study 
of any future works on the vegetation of the Greater Antilles and the only regret anyone 
has is that he did not collect more duplicates. 

Ekman’s specimens were sent to Urban for study and the majority of the types are 
now in the Riksmuseum in Stockholm. Unfortunately many of the types were kept in 
Berlin and were destroyed during the war. Ekman’s publications on the Caribbean were 
few for he intended to write later. However his letters and complete notes preserved in 
Stockholm will supply the field observations of an outstanding taxonomist and ecologist 
for future research on Caribbean flora. 

In the solicitation of funds for the plaques now honoring Ekman, many personal 
letters were received adding a few more anecdotes to the Ekman legend. Perhaps the 
most complete account of Ekman in the field was an unpublished manuscript written by 
Mr. Walter J. Eyerdam, who collected with Ekman in Haiti in 1927. Permission was 
given to copy this manuscript and a copy, along with all other letters, has been placed 
in the library of the Gray Herbarium. More complete biographical sketches of this bot- 
anist have been published by Gunnar Samuelsson (K. Svenska Vetenskapsakademiens 
Arsbok 29: 353-376. 1931), T. G. Halle (Bot. Notiser 303-310. 1932) and R. M. Moscoso 
(Noticias acerea del Dr. Erik L. Ekman, 1-19. 1931, printed by La Informacion press, 
Santiago, Dominican Republic). A caricature of Ekman, the botanist, in the field was 
given by Seabrook in his ‘‘ Magie Island’’. 

THE BIOLOGICAL LABORATORIES 

HARVARD UNIVERSITY 
CAMBRIDGE, MASSACHUSETTS 


THE BELT PLANT PRESS 
Howarp Scott GENTRY 
One day about a year ago, while I was rolling up rabbit fencing in California, some 
small weeds caught in the meshes and rolled up flatly between the wire layers. An idea 


for pressing and curing plants came to me. Like many another collecting botanist, I had 
spent tedious hours afield in manhandling presses, changing hundreds of blotters and 
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eardboards many hundreds of times, fighting the wind with paper and words, and won- 
dering betimes how I might make the life easier. After some discussion with my col- 
leagues at the Hancock Foundation, and particularly with the urging of my friend Jack 
Whitehead and the mechanical assistance of Floyd Durham, the idea was actuated. Two 
experimental models were made. The second was used on a field trip in Baja California 
and afterwards thrown away except for the rollers. With funds provided by a John Simon 
Guggenheim Foundation fellowship, a third model was made of an extruded aluminum 
alloy, mounted on my field ‘‘ jalopy,’’ and subsequently used in the field in Mexico, back 
through Texas, and in the Arizona desert. It is still regarded as an experimental model, 
and the following discussion of it is tendered for the general interest it may find as 
well as for any specific improvements that anyone may care to make. The accompanying 
photographs of Figures 1 to 4 should make the discussion understandable. 

Specimens are laid crosswise, usually without paper, upon a belt of blotting paper 
and rolled upon drums by turning a hand crank. Flattening pressure is put upon the 
specimens by tautness of belt, regulated by brakes upon the turning drums, and by 
small auxiliary rollers. The belt is partly guided by lateral bars on both sides, which 
also act as braces between the uprights supporting the drums. The drying of specimens 
is effected by the blotting paper and by slowly reversing the roll of paper with its 
specimens upon the other drum, either in warm dry sunny air or over a stove placed 
under the belt in damp or sunless weather. Rerolling the specimens also reactivates the 
flattening pressure as the plant material dries and shrinks. The crank is readily change- 
able from one roller to the other. Numbered field labels are laid upon the belt with each 
lot of specimens under one collection number. The usual field note-book is also kept in 
conjunction. A drop board on the side of the car functions as a sorting and trimming 
table for specimens and for writing labels and notes. It also serves as a lunch bar. Such, 
in general, is the process and function of the machine. It is further discussed below 
according to its main parts of frame, rollers, brakes, and belt. 

The frame is a light, bridge-like structure braced along the sides. Over-all it is 
4 feet long, 2 feet wide including the hubs of the drums, and 14 inches high. The length 
admits of about 2 feet of laying space on the belt. In the interest of reduced bulk this 
could well be lessened by 6 inches. A 12-inch radius will allow rolls to reach a maximum 
diameter of 2 feet, or for 250 to 400 specimens, depending upon their thickness, upon 
how closely they are laid, and upon the length of the belt as well. The end angle braces 
are slotted, Figure 4, to allow the auxiliary rollers to move out or in as the roll increases 
or diminishes in diameter. Since considerable force is used in turning the crank, the frame 
must be firmly anchored. It can be used pegged to the ground. I have used it mostly 
bolted to a frame in my pick-up, placed on the side by the road edge. 

The drums or main rollers carrying the belt are 18 inches long and 10 inches in 
diameter. They were made of two §-inch plywood disks supporting a roll of thin sheet 
aluminum. Hubs were attached by fitting a 3-inch nipple of 4-inch pipe into a flange 
screwed against the wooden disk, centered on each end of the cylinder. These drums are 
thus like a spool for film in a camera, which can be inserted or removed by the release 
of a catch, the frame supports being slotted. When heavy collecting is at hand a roll is 
soon filled, taken out, and another inserted for more specimens, or for reversing over 
heat or in sun, as the case may be. Drums both 9 and 8 inches in diameter were also 
tried, but the curvature of specimens was found to be too radical for the little space 
gained. The 10-inch diameter drum seems about right. 

Small auxiliary rollers of wood about 2 inches in diameter are held firmly against 
the drums by coil tension springs attached to each roller end via a lag screw. These 
springs are } inch in diameter, 4 inches long, have a 25-pound pull at 10 inches, or roll 
maximum, and can be obtained in almost any hardware store, at least part of the time. 
They assist in the pressing of the specimens, but must be lowered from the drums when 
the belt is reversed. Otherwise, the auxiliary roller will cause the belt roll to bulge above 
with eventual slippage and consequent damage to specimens. In lieu of anything better I 
just strap them down when a roll is to be unwound. 
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The brakes serve to hold the belt taut and to keep the drum from retracting at 
any given point, as when the crank stands at the horizontal. At such a point the weight 
of the handle would reverse the direction of turn, were it not for the brake. Thus there 
must be a brake on each drum, the greater brake pressure, however, being applied to the 
unrolling drum. A simple type of friction brake was devised with a V-belt passed over a 
3-inch pulley mounted on the drum hub, Figure 4. The belt is held fixed below by a 
bolt to the upright. A sliding wire loop tightens or slackens the brake pressure. The ar- 
rangement has roughly served the purpose, but a better one could be devised, perhaps 
on the principle of the fishing reel. 

The belt is the most critical part of the machine. I have used them in lengths of 
150 to 300 feet. The latter is about the maximum that can be handled by the machine or 
in and out of the machine by the operator. I prefer a belt about 220 feet long, which 
allows up to 300 specimens comfortably. The rolls of deadening felt (as they are known 
in the building trade) come in 150-feet lengths, 3 feet wide, and specified by thickness 
as lbs. per yard; I have used the lightest, } lb. per yard. The roll sawed in two gives 
the desired width. For additional length the ends were spliced together by gluing a foot 
of overlap. When material is placed on the belt, the butt ends of cuttings must be alter- 
nated from side to side to prevent side tracking of the belt with consequent binding on 
the guides and resultant scuffing of the belt edges. It was found desirable to allow a 
$- to }-inch leeway on either side of the belt between the guides. This largely compen- 
sates for the unavoidable lateral variance of the belt due to unevenness of plant material. 
The thicker, taped margins of the belt also aid in keeping the belt running straight, since 
they have less give than the soft blotting paper alone. Ends of the plants should not be 
allowed upon the belt margin, both because they interfere with operation and because 
such specimens would exceed the length of the herbarium sheets. Figure 3 shows doubled 
Yueea leaves being placed upon the belt for inrolling. 

After the specimens are cured they are removed from the belt by hand and placed 
in folded sheets of news print. Small parts that become detached during the drying 
process, as seeds or leaflets, can be removed by sweeping off the belt directly into the 
folded paper, or into packets. The belt is cleaned so that there will be no intermixtures 
when it is next used for other plants. This is a rather slow part of the process. About 
two hours or more are needed to unload and package a belt load. There would be consid- 
erable saving in time, labor, and wear and tear on the specimens if the loaded roll could 
be sent directly to the mounting laboratory, but this would demand a considerable number 
of belted spools, the bulk of which normally preclude such practice from extended field 
trips or expeditions. Perhaps mounters would find objections to working on a belt 
system, but it suggests a great saving of labor in the herbarium. 

The making and testing of this contrivance has taken a great amount of tinkering. 
I have an idea that a more mechanically ingenious person could greatly improve it. 
It handles the coarser plants surprisingly well, such as the sclerophyllous, the spiny, the 
stiff-branched shrubs, and even the thick, spiny leaves of the Agaves. Perforations of the 
belt by spines and thorns are not serious, but occasionally larger ruptures are caused 
by such things as large acorns or nobby spurs. Such rents can be easily repaired with 
a little tape and are not serious. The more serious shortcomings are indicated below. 

Slippage of the belt longitudinally causes fine leaves and flowers to be rolled and 
distorted. Slippage is due to unevenness of brake application with a concomitant variance 
in belt tautness. It is also caused by failure of the operator to withdraw the auxiliary 
roller before unwinding. With the present model, inserting the delicate and prickly 
plants in news print before rolling assures better pressing and curing. 

Drum riding is done by such items as burs and glutinous leaves when they adhere 
to the upper layer of the belt and are carried upward over the drum instead of lying 
along the belt. They must be detached by hand, or, better, covered initially by a sheet of 
paper; toweling serves very well. 

For those who prefer their specimens strongly pressed, the product of the present 
machine will appear imperfect. For the pressing of plant specimens the minimum of 
pressure required is that which holds the leaves to a smooth plane without wrinkling. 
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This the machine performs, but there is greater shrinkage perhaps than would be al- 
lowed under strong pressure in a tightly strapped plant press of the conventional type. 
However, if done properly, the subsequent mounting process will partially relax and 
further flatten the finished product. Since the plant material on the belt originally enters 
the press at a narrowing angle, the leaves tend to be more uniformly extended than is 
ordinarily the case between folded papers. This is another inherent advantage of the belt 
plant press. 

The most serious ‘‘bug’’ in the machine is the tendency of the belt to track towards 
the side. This is caused by the unevenness of the plant material; a thick butt, a coarse 
fruit, or a wad of stiff branches will automatically cause the belt to track towards the 
side on which it lies. [ have attempted to counteract it in various ways; by alternating 
the butt ends of cuttings or thick parts to either side of the belt, by guides along the belt, 
and by thickening the edges of the belt with reinforcing tape. The latter also protects 
the soft belt from scuffing and tearing against the guides. Also the taped margins tend 
to pull more evenly and truly than the bulging body of the soft belt. However, it is 
apparent at this stage that a more suitable belt material can probably be found. As for 
its properties, it should be somewhat absorbent or quickly dryable, have some retract- 
ability, toughness, and strong, stiffish margins. Perhaps a light metal screen would serve 
better. At any rate, suggestions from those familiar with the properties and peculiarities 
of belts and of the different types that may be available or made would be welcome. 

Imperfect as it is, the belt plant press has been a time saver and an incentive to 
collecting, since much of the trouble from wind and unhandiness of the strap press has 
been removed, as well as the tedious repetition of drying blotters. Whether a fleeting or 
a long stop is made by the side of highway or road, or a short tramp up a canyon, the 
machine is waiting ready at a turn of the crank to enfold those factual items that have 
always been the mainstay of botany. Although I have never used a vasculum, I believe it 
would work well in conjunction with the belt plant press. The present model is designed 
for automobile carriage. My next will doubtless be a smaller, more compact model also 
suitable for transport by mule-back. 

With changes in technique it is quite possible that the belt system could be worked 
into the mounting laboratory with considerable saving of labor and money. This would 
appear more practicable with large plant collections, particularly in the case of those 
having large numbers of duplicates, when printing, mounting, and distribution can be 
handled more economically in mass lots. As with all such innovations, it will be up to 
trial and error to check and direct the imagination. As with any tool, its intelligent use 
must be learned.—DIVISION OF PLANT EXPLORATION AND INTRODUCTION, U. S. DEPART- 
MENT OF AGRICULTURE, BELTSVILLE, MARYLAND. 


Erigeron provancheri in New York State. The eighth edition of Gray’s 
Manual of Botany (1950, p. 1445) lists Erigeron provancheri Vict. & Rousseau as occur- 
ring only at the type locality on damp rocks at tidal limit in Bellechasse County, Quebee. 
It is further stated that this plant ‘‘seems like an extreme of no. 6’’ (EH. philadelphicus 
L.). It seems probable that Dr. Fernald had not seen this plant, otherwise he surely 
would have recognized it as a distinct species. 

This plant is abundant on the cliffs of the Hudson River in Norrie Point Park, about 
three miles north of Hyde Park, Dutchess County, New York. The occurrence of the 
plants just above the high water-mark indicates a habitat similar to that of the type 
locality. The plants occur mostly in colonies consisting of several to as many plants as 
a crevice in the shale will hold. A crevice about a foot long and two to three inches wide 
will frequently contain more than thirty individuals. 

The author’s first collection, number 2505, was made on July 15, 1950, and a second 
collection, number 4047, was made on June 26, 1951. Specimens have been deposited in 
the herbarium of the University of Illinois. The total number of individuals collected 
was sixty. Of these forty-four were glabrous or essentially so. The remaining sixteen 
were pubescent at least on the lower portion of the stem. Of one hundred and sixteen 
mature disks (those that had already shed the flowers) measured, one hundred measured 
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between 2.5 and 4 mm. across. Five disks measured 2 mm. and were the smallest examined. 
Only one was found that measured 6 mm, in diameter. This last measurement could have 
been due to distortion in the press. Five disks measured 4.5 mm. and the remaining five 
were 5 mm. in diameter. 

Of sixty stems measured, forty-eight were 5.5 to 11.5 em. tall. Only one measured 3 em. 
tall. The tallest was 19.5 em. tall, and the remaining four were between 12.5 em. and 
14 em. tall. Of sixty-eight stems, sixty-four averaged two to seven heads. Two stems 
bore single heads, while the two remaining stems had twelve and sixteen, respectively. 

These measuremerts agree closely with those given in the original description by 
Frére Marie-Victorin and Jacques Rousseau in ‘‘Contributions de ]’Institut Botanique 
de 1’Université de Montréal,’’ 36: 58-60 (1940).—Harry E, AnLEs, Department of 
Botany, University of Illinois, Urbana, Illinois. 


Book REVIEWS 


Mushrooms of Eastern Canada and the United States. By René 
Pomerleau in cooperation with H. A. C. Jackson. 303 pages. Illustrated. 
Les Editions Chantecler Ltée. Montreal. 1951. 


This is the English edition (through the cooperation of Dr. Naomi Jackson) of 
‘*Champignons de 1’Est du Canada et des Etats-Unis,’’ available at the same publishers. 
This courtesy will be appreciated by many. The book was prepared as, ‘‘a small popular 
treatise on the most frequently-found edible and poisonous mushrooms of the eastern 
part of Canada and the United States.’’ Dr. Pomerleau’s positions as Director of Forest 
Pathology of Quebee and Professor of Forest Pathology and Mycology at Laval Univer- 
sity and Mr. Jackson’s studies around Montreal and St. Aubert bring a different experi- 
ence to bear on the subject from that of other such books. Their studies have been in the 
northern coniferous forests to a larger extent than most such treatises reflect. They had 
an unusually rich fungous flora from which to select. 

The Preface, by Jacques Rousseau, Director of the Montreal Botanical Garden, is 
followed by a Foreword with the usual amenities and an Introduction. Chapter 1 deals 
with mushrooms broadly and generally while the next seven chapters treat various groups 
ranging from morels through puffballs. Within these pages 42 genera and 169 species 
are discussed with the intent of making their recognition possible, while numerous addi- 
tional genera and some additional species are differentiated less fully in passing close 
relatives. Chapter 9 gives the how, when, and where cf mushroom collecting and preserva- 
tion; a tabulated list of species growing in different habitats is included. A chapter on 
‘*The Selection of Edible Mushrooms’’ thoughtfully includes netes on ‘‘ Kinds to 
Avoid.’’ Then follows a chapter on preparing and serving mushrooms. The final chapter 
is on the physiology of mushroom poisoning. There is a glossary and an index. Those 
looking for the Table of Contents should turn to the last pages of the book. 

Among the Agaries, three spore-color groups are recognized. Within each group a 
dichotomous key with a commendably unique format leads to the genera. Following this 
key a ‘‘Supplementary Key to the Genera of Agarics’’ is very helpful. Although it uses 
largely the same characters, the order of selecting is different and spore color is usually 
the last thing required to reach the genus. This makes for more rapid handling of fungi 
in the field. It is often useful to check the determination both ways. Specific keys are 
given under the large genera. Mr. Jackson’s five color plates represent 44 species. The 
seven ‘‘Tabies’’ of line drawings to illustrate terminology should put the beginner at 
ease, if only the fungi would produce the characteristics equally distinct. There are 58 
plates of one to three photographs each. They are good sized reproductions of fresh 
specimens. No attempt is made to give geographical range but some habitat notes are 
included. 

Tried on specimens in the field, this book worked as well as any similar treatise. 
Perhaps it would work more satisfactory with mushrooms from New England’s beech- 
maple forests than from New Jersey’s oak-hickory woodlots. This reviewer has yet to 
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find a book with which he can identify to species a large proportion of the mushrooms 
found locally to his satisfaction. What approaches a positive identification too often 
retreats when checked by another book, and the species included are always different, 
with little or no explanation. Is it possible to do manuals for the fungi such as exist for 
vascular plants so that authoritative herbaria and accurate lists of the fungous flora 
ean be prepared? Then it will be easy to select the edible ones—JOHN A. SMALL. 


The Orchids of Maine. By Jean Elizabeth Wallace. 80 pages; plate 
1-9. University Press, Orono, Maine. 1951. $1.00. 


State flora in book form are always an addition to botanical literature as well as an 
aid and stimulus to the interest in natural history within the state and adjacent areas, 
They represent a current inventory of an important part of the natural resources of the 
state. The State University is the logical institution to be responsible for keeping such 
an inventory up to date. Where a complete flora is not ready, the prompt publication of 
those groups which have been studied should be encouraged. This book covers the third 
group to be published from the University of Maine through its University Press, ‘‘ The 
Woody Plants of Maine’’ and ‘‘The Ferns of Maine’’ having appeared earlier. 

Miss Wallace has combined field work, herbarium studies, and a survey of the litera- 
ture most likely to contain records. ‘‘In Maine there are 15 genera and 46 species of 
orchids.’’ Varieties are recognized but in only one species, Cypripedium calceolus, does 
more than one variety occur in Maine. This instance involves the large and the small yellow 
lady’s slipper whose nomenclatorial disposition has long been colorful. The end of the 
argument is apparently not yet for although Miss Wallace follows Fernald in recogniz- 
ing two varieties, Correll, working at the same time, recognizes only one but his collabora- 
tor on cultural notes, Wherry, breaks it into four ‘‘entities.’’ Miss Wallace differs from 
Correll further in retaining Habenaria macrophylla as a species instead of a variety of 
H. orbiculata, in retaining the variety ophioglossoides of H. clavellata, and in retaining 
Spiranthes lacera as distinct from S. cernua. It is stated that, ‘‘the correct name of a 
species is the one which appears in the heading before the description’’ but it is not 
stated whose idea of the correct name, other than the author’s, is followed. Spot checking 
indicates that Grays Manual of Botany (1950) is accepted. 

There is a general key to the genera and each genus having more than one species 
in Maine has its own key to separate them. Additional help is afforded by the line 
drawings of each species. In the text one finds each scientific name explained as to its 
meaning. The synonyms most likely to be encountered are listed, but with no discussion 
of the transfers or type localities. A diagnostic description is given, flowering dates, 
ecological notes, and geographical distribution of the species. Within the state a record by 
counties and towns is given for all specimens seen and all published reports that were 
found. Four species are recorded from all sixteen counties. No county has all species 
but Oxford has 39 and eight other counties have over 30. There is, of course, a difference 
in size, variety of habitat, and intensity of collecting in the counties——JOHN A. SMALL, 
New Jersey College for Women, New Brunswick, N. J. 


The Piperaceae of Northern South America. By William Trelease and 
Truman George Yuncker. 2 volumes, 838 pp., 674 pl. University of Illinois 
Press. 1950. $10.00. 


The Piperaceae is one of the largest of the flowering plant families and is rep- 
resented throughout the tropical and subtropical regions of the world, with northern 
South America as one of the principal centers of distribution. The two enormous genera, 
Peperomia and Piper, and several relatively minute generic segregates, comprise the 
family. 

From 1917 to 1945 Dr. William Trelease devoted most of his time to the study of the 
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family and upon his death in 1945 left unpublished a considerable accumulation of 
notes and manuscript in which were the descriptions of many new species from South 
America. Fortunately, the authorities at the University of Illinois where Dr. Trelease 
had done his work realized the importance of it, to the extent that they requested Dr. 
T. G. Yuncker of De Pauw University to attempt the completion of at least part of the 
material. Dr. Yuncker had already established himself as an authority on the family 
with his studies of the species of Peperomia in the Pacific Islands. Having used these 
latter works, it was with no great surprise that the reviewer found the present study of 
the same high calibre and of inestimable value. Dr. Yuncker is certainly to be congratu- 
lated on the completicn of such a staggering task in such a manner that it may well 
stand as a model for similar studies of other families in the future. 

The geographic range includes Ecuador, Colombia, Venezuela, and the Guianas, a 
range which embraces some of the most diverse habitats imaginable, semi-deserts to 
high-altitude cloud-forest, lowland riverine forest to dripping, mossy rain-forest. Mate- 
rial from all the larger herbaria in this country and abroad were borrowed and examined 
or re-studied; all Dr. Trelease’s manuscript descriptions were rewritten on the basis of 
this study, for much additional material had accumulated since Dr. Trelease had origi- 
nally examined the available materials. It may be a shock to the students of local well- 
known floras to discover that 405 species have been described here as new, but to those 
who have observed in the field the tremendous number of obviously different ‘‘kinds,’’ 
this figure is not only no surprise but expected, especially when it is recalled that this 
phytogeographically very diverse region is one of the world’s centers of distribution for 
the family. Not even Dr. Yuncker presumes that this is the final study of the group, for 
he clearly states in the introduction that he believes that careful field observations or 
more abundant intergrading materials will reduce some of the species. 

The treatment ineludes 840 species, all with adequate descriptions, and, as additional 
aid, 674 halftone plates of type specimens or other critical collections have been included ; 
these are divided between the two volumes. The species and some of the varieties are 
keyed-out by means of admittedly artificial keys which employ characters often of the 
vegetative system but without disregard of floral characteristics. Since the characters 
of the minute flowers and fruits depend on the age of the spike when collected it is ob- 
vious that the emphasis on the vegetative parts is directed toward practicality, a feature 
that the reviewer has always admired in using Dr. Yuncker’s earlier works. A half-dozen 
specimens each of various species of Peperomia and Piper, identified earlier by Dr. 
Yuncker or Dr. Trelease, were extracted from the Herbarium of the New York Botanical 
Garden by the reviewer and run through the keys to test their utility. It may be reported 
from this rather brief but thorough trial that in every example it was possible within a 
very few minutes to identify the material. 

The University of Illinois Press is also to be highly praised on the quality of print- 
ing of the text, the reproduction of the plates, and the good binding which this valuable 
addition to South American botany has received. 

It is with the greatest confidence that this work is recommended to all libraries and 
to all individuals even remotely interested in the taxonomy of the Piperaceae in particular 
or the botany of this floristically fascinating region of South America in general.— 
RICHARD S. CowaN, The New York Botanical Garden. 


The Nature of Natural History. By Marston Bates. 309 pages, including 
bibliography and index. Charles Scribner’s Sons. 1950. $3.50. 


Reading Marston Bates’s book THE NATURE OF NATURAL History is like finding the 
right tools for the teaching of natural history. Teachers, scout leaders, and camp coun- 
selors are faced with the problem of ‘‘on the spot’’ identification. The author gives a 
key for classifying living things from low to high in both the plant and animal kingdoms. 
This key will give our youth leaders and teachers a feeling of confidence. The leader and 
child should be able to place any specimen a child may find. For example, let us suppose 
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that Mary found a beautiful leaf. At the moment it is very important to Mary. With 
proper guidance it may be Mary’s initiation into the field of natural history. With the 
aid of Bates’ key the leader may assume that the leaf belongs to the plant kingdom. By 
questioning she may help the child to determine that it belongs to the highest order in 
the plant kingdom, 73 it is a leaf from a tree. Then they may determine the species if 
the interest span per mits. This classification key or catalogue helps us to feel at ease with 
this big subject of natural history. 

Many folks say, ‘‘Oh, I can enjoy a mountain, a stream, or a bird without knowi 
its name. What’s the use of learning the names of things?’’ Dr. Bates refers us to Charles 
Elton, who says that there is little use in making observations of an animal unless you 
know its name. A reporter, Ross Parmenter, in his book THE PLANT IN My Winpow 
states that ‘‘ Being familiar with the name of a thing heightens ones power to observe it.’? 

Let us go on to another tool. Dr. Lutz, the entomologist, taught his little daughter 
Ann the scientific or technical name for bee. ‘‘ Bombus’’ has meant bee to her since she 
was three years old. Some ten and twelve year old youngsters have learned to use scien- 
tifie names with ease. Dr. Bates does not put technical names in italics to indicate their 
foreign origin since he believes these names are not foreign to any language. Many of us 
find this another aid to confidence as we find ourselves reading right through, technical 
names and all. 

Still another tool is the introduction of many new words and terms used by the nat- 
uralists. This will help us to read and understand modern scientific literature. For ex- 
ample, the Major Biotic Regions, as discussed and illustrated in Rutherford Platt’s 
OuR FLOWERING WORLD. 

Bates discusses conservation, a major problem of our world today. The Fish and 
Wildlife, National Audubon, conservation groups, agriculture, forest management, na- 
tional, state, and county parks and all who are responsible for the wise use of our na- 
tional resources are using the science of ecology to solve their problems of conservation, 

Reading Marston Bates’ NATURE oF NATURAL HISTorRY is like visiting with a nat- 
uralist friend. He writes as if he were talking to you. His humor and conversational 
manner makes him a very fine teacher. Here is a good introduction to natural history. 
The subject is limitless but Dr. Bates gives us a revealing approach to this subject 
through contemporary concepts.—MILDRED L. RuLIsON, Union County Park Commission, 
Elizabeth, N. J. 


REcENT TEXTBOOKS OF BOTANY 


Botany. A textbook for colleges. By J. B. Hill, L. O. Overholts and 
H. W. Popp. XVI+710 pp. 335 figs. Second edition. McGraw-Hill Book 
Co., New York. 1950. $5.00. 


Since the appearance of the first edition in 1936, this volume has become not only 
one of the standard and reliable textbooks of botany, but also one to which it is pos- 
sible to turn for more complete information than is to be found in the usual treatise. 
For example, the chapter on the stem contains a brief discussion, with illustrations, of 
the protostele, the siphonostele, the dictyostele, and of concentric, collateral, bicollateral, 
open and closed bundles. 

In aceordance with the spirit of the times there are brief discussions of ‘‘tagged’’ 
oxygen in photosynthesis; of penicillin, streptomycin and aureomycin; of partheno- 
earpic fruits in summer squash resulting from the application of indolebutryie acid 
and in tomato after treatment with B-naphthoxyacetic acid; of the importance of 2,4-D 
as a weed killer, et al. 

A ‘‘newer’’ system of classification is used, in which three main divisions are made 
in the plant kingdom: the Thallophyta, the Bryophyta, and the Tracheophyta. The 
Tracheophyta are then subdivided into the Psilopsida, the Sphenopsida, the Lycopsida 
and the Pteropsida, the last including the common ferns and the seed plants. Most 
texts are now abandoning the traditionai scheme of classification in which the plant 
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kingdom is composed of four main groups. It is consoling to see that this volume, unlike 
most recent ones, still gives consideration to some fourteen of the important families 
of the angiosperms. 

This is a large book and a good one; it is carefully prepared and well illustrated. 
Unfortunately the only freshmen that will use it will be the rugged ones; their teachers, 
however, will refer to it with profit. 


Botany. An introduction to plant science. By W. W. Robbins and T. E. 
Weier. [X + 480 pp. Illus. John Wiley and Sons, New York. 1950. $6.00. 


This book begins, somewhat unconventionally, with discussion of such topics as ‘‘ The 
importance of plants in man’s environment,’’ ‘‘ Ancient centers of agriculture,’’ the 
‘‘Produetive capacity of the world,’’ and ‘‘ What is a botanist and what does he do?’’ 
There follows a brief consideration of ‘‘The plant world,’’ in which the kinds and dis- 
tribution of plants, and the forest regions and types are presented. Methods used in the 
classification and naming of plants, botanical gardens and herbaria are next described. 
After getting under way in this rather unorthodox fashion, the book continues with the 
cell, stem, root, leaf, flower, ete. Diffusion, osmosis, respiration, digestion and assimila- 
tion are elaborated in the chapter on the cell; transpiration is included with the leaf, 
as is photosynthesis, though the latter is also treated briefly with the cell. These chapters 
are effectively done, with cognizance of modern research. Much of the preceding material 
is brought together in chapter 12, ‘‘The plant as a living mechanism,’’ in which, for 
instance, the effects of temperature and light on growth, micronutrient chemical elements, 
hormones, vitamins, ete. are analyzed. 

Chapters 13 through 21 deal with the plant kingdom, while 22, the last, is devoted 
to evolution. In accordance with modern views, fifteen phyla are recognized, of which 
twelve are taken up in detail. The viruses are treated after the fungi. Here again the 
presentations are clear-cut and to the point. Some may consider the omission of Sphag- 
num, the leafy liverworts, the cycads, and discussion of the more important orders of 
the angiosperms as shortcomings, but no text can include everything. 

There is no doubt that, from the students’ standpoint, this is an effective book. 
The style is terse and clear; the double-column format, the abundant use of bold-face 
type, and the very numerous illustrations, including many line drawings, all serve to 
make this a very usable volume. Some of the photomicrographs could be improved, and 
there are some errors, which will undoubtedly be corrected in future editions, for which 
there should be a strong demand. The authors have been successful in presenting a vast 
body of material, while remembering the needs and outlook of the students—and after all 
they are the ones who will buy the book. . 


College Botany. By H. J. Fuller and O. Tippo. XIV + 993 pp. Illus. 
Henry Holt and Co., New York. 1949. $5.75. 


This volume begins with a discussion of the ‘‘ origin and history of botanical study,’’ 
in which the sixteenth and seventeenth century herbalists especially are considered, in 
a not too favorable light. In the second chapter the authors have the courage not merely 
to discuss the nature and explanation of life, but, in view of its complexity, to caution 
against ‘‘dogmatic assertions that all vital activities can be explained mechanistically,’’ 
and that the path to philosophical inquiries can be ‘‘ barred as effectively by an obdurate 
mechanstic philosophy as by a resigned and complacent vitalistic outlook.’’ Similarly in 
discussing the origin of life, they boldly and correctly argue that if life originated 
**through chance association of the requisite chemicals’’ ete., the evidence of Pasteur 
against spontaneous generation must be reversed for the first protoplasm. 

However, this volume is by no means primarily a philosophical presentation; its five 
parts are replete with factual material. Part 1 deals with ‘‘the nature of plants and 
plant study’’; in part 2 the structure, physiology, and reproduction of flowering plants 
are taken up, and this part includes nearly half of the book. ‘‘Soils and the relation of 
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roots to soils’’ are treated far more adequately here than in most books. Similarly the 
stem receives generous attention, with separate chapters on gross structure, internal 
structure, properties and uses of wood, and physiology of stems. There are also individual 
chapters on the physiology of leaves, on metabolism, and on growth and irritability, so 
that the physiological aspects of plant science are well covered. 

Part 3, which is the other large section of the book, is devoted to the plant kingdom. 
Twelve different phyla are recognized, of which ten are in the subkingdom Thallophyta; 
the Bryophyta and the Tracheophyta include all other plants. Here again the treat- 
ment is, for the most part, extensive and detailed. The consideration of the erstwhile 
Pteridophyta and of the gymnosperms is especially intensive, that of some of the fungi 
much less so; the orders of the angiosperms are not taken up individually. Parts 4 and § 
are devoted, respectively, to the distribution of plants in time and space, and to plants 
and man. Each chapter is equipped with a summary, suggested readings, and topics and 
questions for study. 

This book, intended for the two semester course, is sound, substantial, and some- 
what ponderous. It is well written, the illustrations are numerous and good, and the 
material is effectively presented. If the college freshman learns all that is included be- 
tween its covers, he will have a fine head-start over Sachs and Strasburger at similar ages, 


Botany. An evolutionary approach. By R. D. Gibbs. XIII + 554 pp. 
216 figs. + 118 plates. The Blakiston Co., Philadelphia. 1950. $6.00. 


After an introduction dealing largely with the subdivisions of botany, chapter 2 of 
this book continues with ‘‘life and the origin of life.’’ While stating that ‘‘we really 
know nothing of the ultimate origin of life,’’ the author suggests that the idea that 
**life arose in some way from the non-living, and that it may still be so arising’’ is 
**tempting.’’ 

Following a consideration of cells, chapter 3 takes up the Cyanophyta, the blue-green 
algae, thus beginning the evolutionary approach. A good discussion of the general cellular 
characteristics, of the ‘‘ biology and ecology’’ of the blue-green algae, and of their clas- 
sification follows. The chapter concludes with suggestions for further study, in which 
references are given. Similar treatment is then afforded the Chlorophyta, green algae, in 
chapter 4, although because of the size and complexity of this group, and the various evo- 
lutionary lines, this chapter is longer. Succeeding chapters deal, in turn, with the Eu- 
glenophyta, Chrysophyta, Pyrrophyta, Phaeophyta, Rhodophyta, and the other phyla in 
the plant kingdom. In each case an outline of the chapter is presented at the beginning, 
and a classification of the phylum is given at the end, including classes, orders and char- 
acteristic genera. The treatment of these groups is far more intensive and complete than 
in most texts. 

In connection with the angiosperms there is a chapter on the leaf, including strue- 
ture, photosynthesis, respiration, transpiration, guttation, etc. This is followed by similar 
discussions of the stem, the root—including ascent of sap and translocation—, the flower— 
including pollination—, fertilization, ete. Growth, tropisms and plant movements are 
considered after the seedling. Next there is a chapter on the taxonomy of the dicotyle- 
dons, in which ten orders are taken up—without commitment as to which is the most 
primitive; similar treatment of seven orders of the monocotyledons follows. The final five 
chapters deal with plant products and their utilization, dependent and carnivorous plants, 
the soil, plant distribution, and evolution and genetics. 

This is a large, well-written book, effectively illustrated by numerous halftones and 
especially by good drawings, many by the author. It does stress the ‘‘ evolutionary ap- 
proach,’’ but the other phases of botany are also very adequately treated. Canadian and 
British work is emphasized more than in most other texts. The author has written a very 
scholarly volume—a bit too much so, perhaps, for most beginning college students, ex- 
cepting those already dedicated. 

It is evident from these and other books that the old idea of the plant kingdom as 
composed of four divisions, Thallophyta, Bryophyta, Pteridophyta and Spermatophyta, 
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js passing. From a pedagogical standpoint this seems unfortunate, since this scheme cer- 
tainly had the advantage of simplicity of presentation. Scientifically its replacement 
seems inevitable, however. It has long been known that the thallophytes are an unnatural 
group; that from the standpoint of geological time and evolutionary diversity they de- 
serve greater stress than has previously been accorded to them, and that the seed plants 
are fairly closely related to the ferns and fern allies. The newer—but more complicated 
—systems of classification present a truer picture from these aspects. 

The four texts reviewed above are standard; all of them are, in a sense, classics. 
They certainly are among the best general treatises of recent decades. With the excep- 
tion of the Robbins and Weier, they are, perhaps, a trifle generous for the elementary 
student, but generosity is hardly a shortcoming. Although to some extent the arrange- 
ment and emphasis differ, especially in the book by Gibbs, none of them really blazes 
a startlingly new trail. It would be conceivable, for instance, to write an elementary 
botany entirely from the standpoint of energy transformation in plants, or of the 
physical and chemical components and interrelationships of the cell, or of the physical, 
chemical and evolutionary manifestations of the fundamental organ of the plant, or of the 
physical and chemical bases of evolution, heritable and otherwise, or from any of numerous 
other approaches. But the authors of our best texts, presumably after due reflection, have 
not done so. Instead they have adhered to the more traditional methods of presentation, 
spiced by the results of recent investigations. This may be interpreted as conservatism ; 
more correctly, however, it indicates that, thus far, at least, there is no single keystone in 
the arch of plant science, and that therefore none should be portrayed as such, regardless 
of how alluring or provocative such flights of fancy might be. 

Furthermore, these same authors obviously think that sincere beginning students 
should not have the cream skimmed for them, should not be nurtured merely on pure 
distillates and refined essences. Instead they apparently feel that life is multitudinous 
and complex, and that those who would learn about it must be exposed to its intricacies 
and master its details, even though at times the process be painful. Perhaps the pathway 
to heaven, for creatures of this earth, does not lead through a lifetime of sheer ecstasy. 
Epwin B. MATzKE, Department of Botany, Columbia University, New York, New York. 


FLorRAL EPpoNYMS 


Solandra (Solander, Daniel Charles. 1736-1782.) is a genus of tropical American, 
woody, climbing plants of the potato family. The flowers are large, solitary, greenish- 
white or yellow. 

Daniel C. Solander was born in Noorland, Sweden, the son of a clergyman. Early 
in life he came under the notice of Linnaeus. He graduated in medicine at Upsala. He 
was popular in London and had much to do with the introduction of the Linnaean system 
in England. 

Solander catalogued the natural history collection of the British Museum. He accom- 
panied Sir Joseph Banks on Cook’s voyage in the Endeavor. He was a member of the 
Royal Society and a D. C. L. of Oxford. He died of apoplexy in 1782. The younger 
Linnaeus named a genus of Atropaceae for him. Two small islands are also named for 
him. He designed a bookbox portfolio which still goes by his name. He left twenty 
volumes of descriptpions of plants in manuscript which are in the British Museum.—M. 
Prerce Rucker, M.D., and Virginia Medical Monthly. 

Ambrosinia (Ambrosini, Borto!omeo) is a dwarf perennial herb of Italy and Algeria. 

Bortolomeo Ambrosini was a bolognese botanist of the 17th Century. Linnaeus named 
the genus Ambrosinia in honor of him.—M. Pierce Rucker, M.D., and Virginia Medical 
Monthly. 
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Johnson counties, Indiana in 1819. Butler Univ. Bot. Stud. 10: 40-52. 
Au 1951. 

Keever, Catherine, Oosting, H. J. & Anderson, L. E. Plant succession on ex- 
posed granite of Rocky Face Mountain, Alexander County, North Carolina. 
Bull. Torrey Club 78: 401-421. S 1951. 

Kruckeberg, Arthur R. Intraspecific variability in the response of certain 
native plant species to serpentine soil. Am. Jour. Bot. 38: 408-419. Je 
[31 Jl] 1951. 


Oliver, John L. Forest succession in the Valparaisoe and Packerton moraines in 
Indiana. Butler Univ. Bot. Stud. 10: 20-28. Au 1951. 

Rohr, Fred W. & Potzger, J. E. Forest and prairie in three northwestern Indiana 
counties. Butler Univ. Bot. Stud. 10: 61-70. Au 1951. 

Tiemeier, Otto W. Studies on Kanopolis reservoir in 1950. Trans. Kan. Acad. 
54: 175-189. 1951. 


PALEOBOTANY 
Arellano, A. R. V. Research on the continental Neogene of Mexico. Am. Jour. 
Sei. 249: 604-616. Au 1951. 

Deevey, Edward 8. & Potzger, John E. Peat samples for radiocarbon analysis: 
problems in pollen statistics. Am. Jour. Sei. 249: 473-511. Jl 1951. 
Griffin, Charles Donald. Pollen analysis of a peat deposit in Livingston County, 

Illinois. Butler Univ. Bot. Stud. 10: 90-99. Au 1951. 


MORPHOLOGY 
(including anatomy and cytology in part) 
(See also under Plant Physiology: Hall) 
Battaglia, E. Development of the tetrasporiec embryo sae of Chrysanthemum 
viscosum. Bot. Gaz. 112: 490-494, 22 Je 1951. 
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Benjamin, R. K. & Shanor, Leland. Morphology of immature stages of Huzo- 
diomyces lathrobii Thaxter and the taxonomic position of the genus Euzo- 
diomyces. Am. Jour. Bot. 38: 555-560. J1 [S] 1951. 

Berger, C. A. & Witkus, E. R. Some cytological effects of cortisone. Bull. Torrey 
Club 78: 422-425. 8 1951. 

Boyes, J. W. & Battaglia, E. Tetrasporic embryo sacs of Plumbago coccinea, 
P. scandens, and Ceratostigma Willmottianum. Bot. Gaz. 112: 485-489. 
22 Je 1951. 

Eames, Arthur J. Again: ‘the new morphology.’ New Phytol. 50: 17-35. 
My 1951. 

Eunus, A. M. Contributions to the embryology of the Liliaceae. IV. Gameto- 
phytes of Smilacina stellata. New Phytol. 49: 269-273. Jl 1950. 

Findlay, W. P. K. The development of Armillaria mellea rhizomorphs in a water 
tunnel. Brit. Mycol. Soc. Trans. 34: 146. pl. 5. Je 1951. 

Haque, A. Embryo sae of Erythronium americanum. Bot. Gaz. 112: 495-500. 
22 Je 1951. 

Heimsch, Charles. Development of vascular tissues in barley roots. Am. Jour. 
Bot. 38: 523-537. J1 [S] 1951. 

Kasapligil, Baki. Morphological and ontogenetic studies of Umbellularia cali- 
fornica Nutt. and Laurus nobilis L. Univ. Calif. Publ. Bot. 25: 115-240. 
pl. 7-28. 31 Au 1951. 

Mehrotra, B. S. Physiological studies of some Phytophthoras. ITI. Carbon re- 
quirements. Lloydia 14: 122-128. Je [8] 1951. 

Mozingo, Hugh Nelson. Changes in the three dimensional shape during growth 
and division of living epidermal cells in the apical meristem of Phlewm 
pratense roots. Am. Jour. Bot. 38: 495-511. Jl [8S] 1951. 

Nielsen, E. L. & Smith, D. C. Dimorphic panicle formation in Poa pratensis. 
Bot Gaz. 112: 534, 535. 22 Je 1951. 


Palser, B. F. Studies of floral morphology in the Ericales. I. Organography and 
vascular anatomy in the Andromedeae. Bot. Gaz. 112: 447-485. 22 Je 1951. 

Shroeder, C. A. Fruit morphology and anatomy of the cherimoya. Bot. Gaz. 
112: 436-446. 22 Je 1951. 

Subramanyam, K. A morphological study of Stylidium graminifolium. Liloydia 
14: 65-81. Je [S] 1951. 


GENETICS 
(including cytogenetics) 

Anderson, Edgar. Concordant versus discordant variations in relation to intro- 
gression. Evolution 5: 133-141. 14 Je 1951. 

Brown, Meta 8S. The spontaneous occurrence of amphiploidy in species hybrids 
of Gossypium. Evolution 5: 25-41. 26 Mr 1951. 

Burton, Glenn W. Intra- and inter-specific hybrids in Bermuda grass. Jour. 
Hered. 42: 152-156. My—Je [8S] 1951. 

Cleland, Ralph E. Extra, diminutive chromosomes in Oenothera. Evolution 5: 
165-176. 14 Je 1951. 

Davis, R. L. A study of the inheritance of resistance in alfalfa to common leaf 
spot. Agron. Jour. 43: 331-337. Jl 1951. 

Dermen, Haig. Tetraploid and diploid adventitious shoots from a giant sport 
of MeIntosh apple. Jour. Hered. 42: 144-148. My—Je [8S] 1951. 

Galinat, Walton C. Glumeless hybrid sweet corn. Jour. Hered. 42: 114-116. 
My-Je [S] 1951. 
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Gustafsson, Ake. Some aspects on variation and evolution in plants. Evolution 
5: 181-184. 14 Je 1951. 

Heiser, Charles B. Hybridization in the annual sunflowers: Helianthus annuus 
x H. debilis var. cucumerifolius. Evolution 5: 42-51. 26 Mr 1951. 

Hutchinson, J. B. Intra-specifie differentiation in Gossypium hirsutum. Heredity 
5: 161-193. Au 1951. 

Kellenbarger, Shirley, et al. Inheritance of starch content and amylose content 
of the starch in peas (Piswm sativum). Agron. Jour. 43: 337-340. J1 1951. 

Konzak, C. F., Randolph, L. F. & Jensen, N. F. Embryo culture of barley species 
hybrids. Jour. Hered. 42: 124-134. My—Je [S] 1951. 

Lewis, Harlan. The origin of supernumerary chromosomes in natural populations 
of Clarkia elegans. Evolution 5: 142-157. 14 Je 1951. 

Li, Hui-Lin. Evolution in the flowers of Pedicularis. Evolution 5: 158-164. 
14 Je 1951. 

Richey, Frederick D. & Dawson, Ray F. Experiments on the inheritance of 
niacin in corn [maize]. Plant Physiol. 26: 475-493. Jl [Au] 1951. 
Riley, H. P. Gene-frequencies and Mendelian ratios. Am. Nat. 85: 268, 269. 

Au 1951. 
Scott, Donald H. Cytological studies on polyploids derived from tetraploid 
Fragaria vesca and cultivated strawberries. Genetics 36: 311-331. J] 1951. 
Soost, Robert K. Comparative cytology and genetics of asynaptic mutants in 
Lycopersicon esculentum Mill. Genetics 36: 410-434. J] 1951. 


PLANT PHYSIOLOGY 

Allen, Seward E., & Skoog, Folke. Phytotoxicity of imidazoline derivatives 
and related compounds. Plant Physiol. 26: 611-624. J] [Au] 1951. 

Army, Thomas J. & Kozlowski, Theodore T. Availability of soil moisture for 
active absorption in drying soil. Plant Physiol. 26: 353-362. Ap [Je] 1951. 

Bartholomew, E. T., Stewart, William S. & Carman, Glenn E. Some physio- 
logical effects of insecticides on citrus fruits and leaves. Bot. Gaz. 112: 
501-510. 22 Je 1951. 

Beal, J. M. Negative results following exposure of several kinds of seeds to 
cosmic rays and other radiations at high altitudes. Bot. Gaz. 112: 533, 534. 
22 Je 1951. 

Bernheim, Frederick, Bunn, Carolyn & Wilbur, Karl M. The thiobarbituric acid 
color reaction in plant tissues. Am. Jour Bot. 38: 458, 459. Je [31 Jl]] 
1951. 

Bishop, C. J. & Macdonald, R. E. A survey of higher plants for antibacterial 
substances. Canad. Jour. Bot. 29: 260-269. Je 1951. 

Blair, Bryon O. Mesquite seed and seedling response to 2,4-D and 2,4,5-T. Bot. 
Gaz. 112: 518-521. 22 Je 1951. 

Brock, Thomas D. Studies on the nutrition of Morchella esculenta Fries. My- 
cologia 43: 402-422. Au 1951. 

Broyer, T. C. Experiments on imbibition and other factors concerned in the 
water relations of plant tissues. Am. Jour. Bot. 38: 485-495. Jl [S] 1951. 

Broyer, T. C. An outline of energetics in relation to the movement of materials 
through a two-phased solution system. Plant Physiol. 26: 598-610. J1 [Au] 
1951. 

Cantino, Edward C. Evidence for an accessory factor involved in fructose 
utilization by the aquatie fungus, Pythiogeton. Am. Jour. Bot. 38: 579-585. 
Jl [S] 1951. 
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Carns, H. R., Addicott, F. T. & Lynch, R. 8S. Some effects of water and oxygen 
on abscission in vitro. Plant Physiol. 26: 629, 630. Jl [Au] 1951. 

Claver, Francisco K. Influencia de luz, oseuridad y temperatura sobre la ineuba- 
tién de la papa. Phyton 1: 3-12. Jl 1951. 

Colwell, Robert N. The use of radioactive isotypes in determining spore dis- 
tribution pattern. Am. Jour. Bot. 38: 511-523. Jl [S] 1951. 

Ferri, Mario G. Nuevas informaciones sobre la influencia de sustancias de 
crecimiento en el movimiento de las articulaciones de las hojas primarias 
de Phaseolus vulgaris L. Phyton 1: 13-27. J1 1951. 

Georg, Lucille K. The relation of nutrition to the growth and morphology of 
Trichophyton violaceum. I. The vitamin and amino acid requirements of 
T. violaceum. Mycologia 43: 297-309. My—Je [Jl] 1951. 

Gibbs, Martin. The position of C14 in sunflower leaf metabolites after exposure 
of leaves to short period photosynthesis and darkness in an atmosphere 
of C140,. Plant Physiol. 26: 549-556. Jl [Au] 1951. 

Hall, Wayne C. Morphological and physiological responses of carnation and 
tomato to organic phosphorus insecticides and inorganic soil phosphorus. 
Plant Physiol. 26: 502-524. Jl [Au] 1951. 

Hammer, C. L. & Tukey, H. B. Chlorophyll inhibition and herbicidal action of 
3- (alpha-imino-ethyl) 5-methyl tetronie acid. Bot. Gaz. 112: 525-528. 
22 Je 1951. 

Hazen, Elizabeth L. Effect of nutrition on the colony characteristics and 
macroconidial formation of Microsporium audouini. Mycologia 43: 284- 
296. My—Je [Jl] 1951. 

Hsiang, Tsung-Hsun T. Physiological and biochemical changes accompanying 
pollination in orchid flowers. I. General observations and water relations. 
Plant Physiol. 26: 441-455. Jl [Au] 1951. 

Hunt, Gordon E. A comparative chromatographic survey of the amino acids in 
five species of legume roots and nodules. Am. Jour. Bot. 38: 452-457. 
Je [31 Jl] 1951. 

Hunt, Francis M. Effects of flooded soil on growth of pine seedlings. Plant 
Physiol. 26: 363-368. Ap [Je] 1951. 

Knudson, Lewis. Nutrient solutions for orchids. Bot. Gaz. 112: 528-532. 
22 Je 1951. 

Kuehner, Calvin C. The effect of added B-vitamins on the growth and ester pro- 
duction of Hansenula anomala (Hansen) Sydow. Mycologia 43: 389-401. 
Au 1951. . 

Levan, Albert & Tjio, Joe Hin. Penicillin in the Allium test. Hereditas 37: 
306-324. 20 Je 1951. 

Link, George K. K. & Klein, Richard M. Inhibitory and stimulating effects of 
indoleacetic acid on development of the bean hypocotyl. Bot. Gaz. 112: 
400-407. 22 Je 1951. 

Lucas, E. H. et al. The occurrence of antibacterial substances in seed plants 
with special reference to Mycobacterium tuberculosis. Bull. Torrey Club 
78: 310-321. 24 J1 1951. 

McAlister, Dean F. & Krober, Orland A. Translocation of food reserves from 
soybean cotyledons and their influence on the development of the plant. 
Plant Physiol. 26: 525-528. Jl [Au] 1951. 

MclIlrath, Wayne, Ergyle, D. R. & Dunlap, A. A. Persistence of 2,4-D stimulus 
in cotton plants with reference to its transmission to the seed. Bot. Gaz. 
112: 511-518. 22 Je 1951. 
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Marvin, James W. & Greene, Mary T. Temperature-induced sap flow in excised 
stems of Acer. Plant Physiol. 26: 565-580. Jl [Au] 1951. 

Michel, Burlyn E. Effects of indoleacetic acid uvon growth and respiration of 
kidney bean. Bot. Gaz. 112: 418-436. 22 Je 1951. 

Miller, Carlos O. & Meyer, Bernard S. Expansion of Chenopodium album leaf 
disks as affected by coumarin. Plant Physiol. 26: 631-634. Jl [Au] 1951. 

Miller, Chester W. Growth data from nine sections of Acer saccharum from 
Montgomery County, Indiana. Butler Univ. Bot. Stud. 10: 12-19. Au 1951, 

Miller, I. H. & Burris, R. H. Effect of plant growth substances upon oxidation of 
ascorbic and glycolic acids by cell-free enzymes from barley. 
Bot. 38: 547-549. Jl [S] 1951. 

Muir, Robert M. & Hansch, Corwin. The relationship of structure and plant- 
growth activity of substituted benzoic and phenoxyacetic acids. Plant 
Physiol. 26: 369-374. Ap [Je] 1951. 

Mullison, Wendell R. The tomato as a test plant for growth-regulators. Bot. 
Gaz, 112: 521-524. 22 Je 1951. 

Myers, Jack. et al. On the mass culture of algae. 
Ji [Au] 1951. 

Nitsch, J. P. Growth and development in vitro of excised ovaries. Am. Jour, Bot. 
38: 566-577. J1 [S] 1951. 

Olmsted, O. A. Experiments on photoperiodism, dormancy and leaf age and 
abscission in sugar maple. Bot. Gaz. 112: 365-393. 22 Je 1951. 

Raper, Kenneth B. Isolation, cultivation, and conservation of simple slime molds. 
Quart. Rev. Biol. 26: 169-190. Je [Au] 1951. 

Rasch, Ellen Myrberg. Nuclear and cell division in Allium cepa as influenced 
by slow neutrons and X-rays. Bot. Gaz. 112: 331-348. 22 Je 1951. 
Reischer, Helen Simpson. Growth of Saprolegniaceae in synthetic media. LI. 
Nitrogen requirements and the role of Krebs eycle acids. 

319-328. My-Je [J1] 1951. 

Robbins, William J., Hervey, Annette & Stebbins, Mary E. Further observa- 
tions on Euglena and B,,. Bull. Torrey Club 78: 363-375. 8 1951. 

Scarth, George W. & Shaw, Michael. Stomatal movement and photosynthesis in 
Pelargonium. II. Effects of water deficit and of chloroform: Photosynthesis 
in guard cells. Plant Physiol. 26: 581-597. Jl [Au] 1951. 

Sideris, C. P. & Young, H. Y. Growth of Ananas comosus (L.) Merr., at differ- 
ent levels of mineral. nutrition under greenhouse and field conditions. IT. 

Plant 
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Plant Physiol. 26: 539-548. 


Mycologia 43: 


Chemical composition of the tissues at different growth intervals. 
Physiol. 26: 456-474. J1 [Au] 1951. 

Swanson, C. A. & Bohning, R. H. The effect of petiole temperature on the trans- 
location of carbohydrates from bean leaves. Plant Physiol. 26: 557-564. 
Jl [Au] 1951. 

Teas, Howard J. & Newton, Anna C. Tryptophan, niacin, and indoleacetie acid 
in several endosperm mutants and standard lines of maize. Plant Physiol. 
26: 494-501. J] [Au] 1951. 

Thompson, John F., ct al. Investigations on nitrogen compounds and nitrogen 

metabolism in plants. I. The reaction of nitrogen compounds with ninhydrin 

on paper; a quantitative procedure. Plant Physiol. 26: 375-397. Ap [Je] 

1951. II. Variables in two-directional paper chromatography of nitrogen 

compounds, 421-440. 
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Turrell, F. M. & Scott, F. M. Effect of elemental sulfur dust on growth of citrus 
leaves, and its relation to the buffer capacity of the leaf-tissue fluid. Am. 
Jour. Bot. 38: 506-566. Jl [S] 1951. 

Wagenknecht, A. C., et al. Plant growth substances and the activity of cell-free 
respiratory enzmes. Am. Jour. Bot. 38: 550-554. Jl [S] 1951. 

Whatley, F. B., et al. Distribution of micronutrient metals in leaves and chloro- 
plast fragments. Plant Physiol. 26: 414-418 Ap [Je] 1951. 

Wolf, Dale E., et al. Effect of 2,4-D on carbohydrate and nutrient-element con- 
tent and on rapidity of kill of soybean plants growing at different nitrogen 
levels. Bot. Gaz. 112: 188-197. D 1950. 

White, Philip R. Neoplastic growth in plants. Quart. Rev. Biol. 26: 1-16. Mr 
1951. 

PHYTOPATHOLOGY 
(See also under Genetics: Davis; under Fungi: Wolf.) 

Boothroyd, Carl W. A new leaf spot of Celastrus scandens L., the climbing bit- 
tersweet. Mycologia 43: 373-375. My-—Je [Jl] 1951. 

Bridgmon, G. H. & Walker, J. C. The relation of southern bean mosaic to black 
root. Phytopathology 41: 865-871. O 1951. 

Cooley, J. 8S. & Kushman, L. J. Effect of pasteurization on black rot of sweet 
potatoes. Phytopathology 41: 801-803. S 1951. 

Dallimore, C. E. & Thorne, Gerald. Infection of sugar beets by Ditylenchus de- 
structor Thorne, the potato rot mematode. Phytopathology 41: 872-874. 
O 1951. 

Dimock, A. W. Bud transmission of Verticillium in roses. Phytopathology 41: 
781-784. S 1951. 

Dimond, A. E., Stoddard, E. & Rich, Saul. The effect of dyes in retarding the 
development of crown galls. Phytopathology 41: 911-914. O 1951. 

Feder, William A. & Ark, Peter A. Wilt-inducing polysaccharides derived from 
crown-gall, bean-blight, and soft-rot bacteria. Phytopathology 41: 804-808. 
S 1951. 

Freitag J, H. Host range of the Pierce’s disease virus of grapes as determined 
by insect transmission. Phytopathology 41: 920-934. O 1951. 

Friedman, B. A. Pseudomonas marginalis as the cause of soft rot of imported 
witloof chicory. Phytopathology 41: 880-888. O 1951. 

Gold, A. H. & Jensen, D. D. An electron microscope study of Cymbidium mosaic 
virus. 

Hafiz, Abdul. Physiologic specialization in Urocystis tritici Koern. Phytopath- 
ology 41: 809-812. S 1951. 

Hagedorn, D. J. & Hansen, E. W. A comparative study of the viruses causing 
Wisconsin pea smut and red clover vein mosaic. Phytopathology 41: 813- 
819. 8 1951. 

Keller, John R. Report on indicator plants for chrysanthemum stunt virus and 
on a previously unreported chrysanthemum virus. Phytepathology 41: 947- 
949. O 1951. 

Lindner, R. C., Weeks, T. E. & Kirkpatrick, H. C. Studies on a color test for 
stone fruit virus diseases. Phytopathology 41: 897-902. O 1951. 

Nelson, K. E. Effect of humidity on infection of table grapes by Botrytis cinerea. 
Phytopathology 41: 859-864. O 1951. 

Sarasola, Abel A. & Magi, Alberto O. Algunos factores ambientales en corre- 
lacién con la cancrosis de los Alamos (Mycosphaerella populorum Thomp.). 
Phyton 1: 42— 45. Je 1951. 
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Smith, M. A. & Ramsey, G. B. Brown-spot disease of celery. Bot Gaz. 112: 
393-400. 22 Je 1951. 

Starr, Mortimer P., Cardona, Canute & Folsom, Donald. Bacterial fire blight of 
raspberry. Phytopathology 41: 915-919. O 1951. 

Sylvester, Edward S. & Simons, John N. Relation of plant species inoculated to 
efficiency of aphids in the transmission of Brassica nigra virus. Phytopath- 
ology 41: 908-910. O 1951. 

Wallace, J. M. Recent developments in studies of quick decline and related dis- 
eases. Phytopathology 41: 785-793. S 1951. 


GENERAL BOTANY 
(including Biography) 

Barrus, M. F. Harry Morton Fitzpatrick, 1886-1949. Mycologia 43: 249-266. 
port. My-—Je 1951. 

Burkart, A. El botanico Henri F. Pittier (1857-1950). Bol. Soe. Argent. Bot. 
3: 183-186. O 1950. 

Finley, Harold E. Morris Abel Raines, 1894-1950. Trans Am. Mier. Soe. 70: 
278. J1 1951. 

Fosberg, F. R. Temprana historia de la quina. Revista Acad. Colomb. 8”: 273, 
274. Ap 1951. 

Jaramillo-Arango, Jaime. Estudio critico acerca de los hechos bdAsicos en la 
historia de la quina. Revista Acad. Colomb. 8”: 245-272. pl. 1-2. Ap 1951. 

La Gallo, C. Oeuvres et figures de savants [Gabriel Dismier, Charles Isidore 
Douin, Pierre Frémy, Irénée Thériot]. Nat. Canad. 78: 155-176. Je 1951. 

Morton, C. V. Willard Nelson Clute, 1869-1950. Am. Fern Jour. 41: 1-4. Ja—Mr 
1951. 

Murillo, Luis Maria. El amor y la sabiduria de Franciseo José de Caldas. Revista 
Acad. Colomb. 8”: 149-153. port. Ap 1951. 

Rollins, Reed C. The end of a generation of Harvard botanists. Taxon 1: 3-5. 
§ 1951. 

Romero Castafieda, Rafael. Sigla de sistemiticos boténicos. Revista Acad. 
Colomb. 8”: 275-283. Ap 1951. 

Schultes, Richard Evans. La riqueza de la flora colombiana. Revista Acad. 
Colomb. 8”: 230-242. illus. Ap 1951. 

Weatherby, Una. Charles Alfred Weatherby, a man of many interests. 1—189. 
[privately printed] 1951. 





